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CHAPTER -1
1
General Introduction and Review of Literature
INTRODUCTION
Environmental microbiology is the study of microorganisms which exist
in natural or/and artificial environment. It is a fascinating field of science and
the origin of this field rests in the observations of Antony van Leeuwenhoek.
During the last few decades we have begun learning how to harness microbial
biosynthetic and degradative activities. This harnessing, including the
intentional manipulation of microbial activities, constitutes the basis of
microbial biotechnology, whereby we direct the activity of microorganisms
within both natural and artificial environments for varieties of purposes. As
one example, we utilize microorganisms as tools to degrade both natural and
anthropogenic materials in wastewaters digesters, composters, landfills,
natural terrestrial environments and natural or artificial aquatic ecosystem.
There is a well known saying that “Everything touched by King Midas
turned to gold”. By a sort of inversion process, pretty well everything modern
men touch, including themselves, turns to a waste product sooner or later.
Wastes are usually discarded into water, with or without processing.
Presently, water is becoming a rare commodity, and the available water
sources are inadequate to meet the essential basic needs of man, which is
mainly due to increased industrialization of developing countries. Improper
disposal methods and inadequate control of toxic effluents from different
industries have led to the widespread contamination of surface as well as
ground water and have made the water resources polluted for usage1.
Industrial wastes consisting dyes and other pollutants are usually
discarded into water, with or without processing. When waste substances
reach such a concentration that they exert measurable effects upon
ecosystems then they are said to be pollutants. Thus, the problem of
environmental risk is caused by these xenobiotics.
Estimation of pollution created by these xenobiotics and recalcitrants
largely depends on the physical appearance of color, odour and turbidity.
Textile industries are country’s vital set ups. The major sources of colored
effluents are textile and dye stuff industries, particularly where the process of
bleaching, dyeing, printing and finishing in textile operations import huge
amounts of colored effluents. Apart from earning large amount of foreign
exchange, it catches the public attention from the standpoint of pollution.
Untreated effluents from dyestuff production and dyeing mills may be highly
colored and thus particularly objectionable and offensive if discharged into
open waters. Eventhough the dye concentration may be well below 1 ppm i.e.
lower than many other chemicals found in waters, the dye will be visible even
at such low concentrations2. The hazards associated with pollutants can be
reduced by conventional technologies that involve removal, alteration, or
isolation of the pollutants. These technologies are expensive, and in many
cases do not destroy the contaminating compounds but instead transfer them
from one environment or form to another.
Bioremediation
Bioremediation is the use of biological systems for the reduction of
pollution from air, aquatic or terrestrial systems. Microorganisms and plants
are the biological systems which are generally used for this purpose.
Biodegradation with microorganisms is the most frequently occurring
bioremediation option. Microorganisms can break down most compounds for
their growth and/or energy needs. These biodegradation processes may or
may not need air. In some cases, metabolic pathways which organisms
normally use for growth and energy supply may also be used to break down
pollutant molecules. In these cases, known as metabolism, the
microorganisms do not   benefit directly, but researchers have taken
advantage of this phenomenon and use it for bioremediation. Complete
degradation, often termed mineralization, ultimately yields water and either
carbon dioxide or methane3, 4. Incomplete biodegradation will yield breakdown
products which may or may not be less toxic than the original pollutant.
Thus, bioremediation addresses the limitations of these conventional
techniques by bringing about the actual destruction of many organic
contaminants at reduced cost. As a result, over the last two decades,
bioremediation has grown from a virtually unknown technology to a
technology that is considered for the cleanup of a wide range of contaminants.
What are dyes?
Dyes have been used since ancient times for coloring and printing
fabrics. Most of these dyes were derived from plant or animal sources by long
and elaborate processes. Even the application of dyes was an elaborate art
involving a high degree of chemical skill. In these periods only the kings and
noblemen could afford colored fabrics. A dyed dress was a symbol of riches.
Indigo plant yielded a beautiful blue dye. Most of the dyes made in nineteenth
century were derived from the aromatic intermediate chemicals isolated from
coal tar distillation. The dyes are colored because they absorb light in the
visible range. The visible range of the spectrum consists of electromagnetic
radiation in the range of 400 to 800 nm.
In the first theory about color it was postulated that when aromatic
molecule combines with color forming groups called chromophores, the
resultant is called a chromogen. Chromogen, when it contains one or more
groups called auxochromes which intensify colors and improve its affinity for
the fiber, is referred to as a dye. Some chromophores are azo (-N=N-), nitroso
(-NO), nitro (-NO2), double bonded carbon (-C=C-) and keto or quinoid system
(-C=O-) etc. Some auxochromes are -NH2, -NCH3, -N(CH3)2 which generally
form cations and -SO3H, -OH and -COOH form anions. Azobenzene is a
chromogen and is colored but is useless as a dye as no auxochrome is
present while azobenzene with an auxochrome yields a dye.
Important pollutants in textile effluent are mainly recalcitrant organics,
color, toxicants and inhibitory compounds, surfactants, chlorinated
compounds, and salts. Dye is the most difficult constituent of the textile
wastewater to treat. Azo dyes are the class of dyes most widely used
industrially5 having a world market share of 60-70%. Reactive azo dyes are
becoming more popular in the textile industry; they are mainly used for cotton
dyeing. However, reactive dyes hydrolyze easily, resulting in a high portion of
unfixed (or hydrolyzed) reactive dyes, which have to be washed off during the
dyeing process. As much as 50% of the initial dye load is present in the dye
bath effluent6.
The wastewaters characteristics from a dye house are highly variable
from day to day depending on the type of dye, the type of fabric and the
concentration of the agents added. Treatment of such wastewaters is
therefore, essential but difficult. The discharge of dye house wastewater into
the environment is aesthetically disturbing, impedes light penetration,
damages the quality of the receiving stream and may be toxic to treatment
processes, to food chain organisms and to aquatic life.
The degradation of dyes in the environment by microorganisms is likely
to be slow 7, which means that it is possible for high levels of dye to persist,
and potentially accumulate. Furthermore, any degradation that does occur
may produce smaller molecules equally unfamiliar to the environment, such
as amines, and which may also be toxic. There is no universal method for the
removal of color from dye waste8, the alternative depend upon the type of dye
wastewater. As the characteristic of dye wastewaters are variable, many
different physical, chemical and biological treatment methods have been
employed for its treatment.
The physical and chemical techniques were numerous including anion-
exchange resin9, floatation10, electro-floatation11, electrochemical destruction
12, irradiation13, ozonation14, adsorption15 and the use of activated carbon16.
Some of physical and chemical treatment techniques are effective for color
removal but use more energy and chemicals than biological processes. They
also concentrate the pollution into solid or liquid side streams requiring
additional treatment or disposal. In recent years, bioremedial approaches
have focused on some microorganisms that degrade and adsorb dyes in
wastewaters. A wide variety of microorganisms capable of decolorizing a wide
range of dyes include bacteria, fungi and yeast.
REVIEW OF LITERATURE
The use of microbes to detoxify or degrade pollutants is called
bioremediation. The great diversity of microorganisms provides vast genetic
resources for solutions to cleaning up the environment. Bioremediation, by
using the diversity and liability of microbes, enables more efficient and specific
degradation of contaminants. It is becoming a promising alternative to replace
or supplement present treatment processes for dye removal. There are
various reports of microbial degradation of textile and laboratory textile dyes
by fungi, actinomycetes, yeast, algae and bacteria.
Fungal biodegradation
White-rot fungi are those organisms that are able to degrade lignin, the
most complex structural polymer found in woody plants17. The most widely
studied white-rot fungus, in regards to xenobiotic degradation, is
Phanerochaete chrysosporium. This fungus is capable of degrading dioxins,
polychlorinated biphenyls (PCBs) and other chloro-organics18, 19. Other white-
rot fungi also decolorize dyes, e.g. Coriolus versicolor20, Trametes versicolor21, 22,
Pleurotus ostreatus23 and Coriolopsis polysona24.
Meanwhile, there are various other fungi, such as Umbelopsis isabellina
and Penicillium geastrivous25, Aspergillus foetidus and Rhizopus oryzae26 which
can also decolorize and/or adsorb dyes. Fungal decolorization is a promising
alternative to replace or supplement present treatment processes
Yeast biodegradation
Few reports are available on the application of yeast for decolorization
of textile effluents. The ability of Kluyveromyces marxianus IMB3 to decolorize
Remazol Black-B was investigated and 98% colour removal was achieved at
37oC27. A number of simple azo dyes were degraded in liquid aerated batch
cultures by a strain of the yeast Candida zeylanoides, the extent of colour
removal ranged from 44 to 90%, after 7 days28.
Microbial biosorption
The uptake or accumulation of chemicals by microbial mass has been
termed biosorption29, 30. Bacteria and fungi have been used for the purpose of
decolorizing dye-containing effluents. The decolorization of dyes with different
molecular structures by Cunninghamella elegans was evaluated using several
media31. The removal of Reactive Blue 19 was reported which was up to 60
and 91% in 10 and 80 min respectively14. Depending on the dye types and the
species of microorganisms used, different binding rates and capacities were
observed. It can be said that certain dyes have a particular affinity for binding
with specific microbial species. The use of biomass has its advantages,
especially if the dye containing effluent is very toxic. Biomass adsorption is
effective when conditions are not always favorable for the growth and
maintenance of the microbial population. Adsorption by biomass occurs by ion
exchange.
Bacterial degradation of textile dyes
The wastewaters from textile industry contain various dyes. The
bacteria should exhibit decolorizing ability for a wide range of dyes. Isolating
such microorganisms proved to be a difficult task.  To gain a widespread
reception, efforts to isolate bacterial cultures capable of degrading azo dyes
started in the 1970s with reports of a Bacillus subtilis32 followed by numerous
bacteria: Pseudomonas spp.  were isolated from an anaerobic-aerobic dyeing
house wastewater treatment facility as the most active azo-dye degraders33, 24.
Chang et al.34 used the extracellular metabolites of a dye-decolorizing strain,
Escherichia coli strain NO3, as a biostimulator to entice E. coli strain NO3 into
a beneficial mode of metabolism for an economically feasible decolorization.
Technical process was designed to decolorize textile wastewaters by sulfate
reducing bacteria35.
The ability of bacteria to metabolize azo dyes has been investigated by
a number of research groups. Under aerobic conditions azo dyes are not
readily metabolized, the intermediates formed by the degradative steps
resulted in disruption of metabolic pathways and the dyes were not actually
mineralized. Under anaerobic conditions, such as anoxic sediments, soluble,
cytoplasmic reductases, known as azo reductases, reportedly produce
colorless aromatic amines which can be toxic, mutagenic, and possibly
carcinogenic36.
Azo dyes and intermediates
Azo dyes contain at least one nitrogen-nitrogen (-N=N-) double bond,
however many different structures are possible37. Mono-azo dyes have only
one -N=N- double bond, while di-azo and tri-azo dyes contain two and three -
N=N- double bonds respectively. The azo groups are generally connected to
benzene and naphthalene rings, but can also be attached to aromatic
heterocycles or enolizable aliphatic groups37. These side groups are
necessary for imparting the color of the dye, with many different shades and
intensities being possible38.
Eighty to ninety five percent of all reactive dyes are based on the azo
chromogen37, 39. Reactive dyes are colored compounds that contain one or
two functional groups capable of forming covalent bonds with the active sites
in fibers. A carbon or phosphorous atom of the dye molecule will bond to
hydroxyl groups in cellulose, amino, thiol, and hydroxyl groups in wool, or
amino groups in polyamides37, 40. Most fiber-reactive azo dyes are used for
dyeing cellulosic materials, such as cotton, and are a major source of dye
wastes in textile effluents. Between 20-50% of the reactive dye used by the
textile industry is lost in exhaust and wash water41. Fiber-reactive azo dyes
exhibit a high wet-fastness, due to their ability to covalently bond to
substrates. However, dyes that hydrolyze in solution prior to bonding to a
substrate are often lost in the washing processes42.
Much of the work undertaken in dye degradation has involved the
decolorization of azo dyes. An aerobic azo dye degradation by several
bacterial strains capable of using the dye as the sole source of carbon and
nitrogen has been reported43. Anthraquinone-based dyes are highly resistant
to degradation due to their fused aromatic structures. Some anthraquinone
dyes undergo decolorization and degradation by Bacillus subtilis44. Walker and
Weatherly45 reported degradation of an acid anthraquinone dye by three
strains of Pseudomonas and Bacillus.
Physico-chemical methods are applied for the treatment of many textile
dye effluents achieving high dye removal efficiencies46. On the other hand, in
recent years there is a tendency to use biological treatment systems to treat
dye-bearing wastewaters47. The recalcitrant nature of azo dyes, together with
their toxicity to microorganisms, makes aerobic treatment difficult. On the
other hand, a wide range of azo dyes is decolorized anaerobically48, 49, 50, 51.
Under anaerobic conditions, azo dyes are readily cleaved via a four-electron
reduction at the azo linkage generating aromatic amines. In addition, it is
known that methanogenic and acetogenic bacteria in anaerobic microbial
consortium contain unique reduced enzyme cofactors, such as F430 and
Vitamin B12 that could also potentially reduce azo bonds52, 53. These steps
remove color of the dye, however they do not completely mineralize the
aromatic amines generated in the anaerobic environment53, 55, 56, with a few
exceptions52, 57. Unfortunately, the aromatic amines cannot be regarded as
environmentally safe end products. On the other hand, it is known that most of
the aromatic amines can be biodegraded under aerobic conditions50, 58, 59.
Although, in recent studies dealing with anaerobic treatment of textile
wastewater several high rate anaerobic reactors such as up flow anaerobic
sludge blanket reactors (UASB) and anaerobic baffled reactors (ABR) were
used.
Mixed bacterial cultures from a wide variety of habitats have also been
shown to decolorize the diazolinked chromophores of dye molecules60, 61
demonstrated decolorization of mixture of dyes by anaerobic bacteria using
free growing cells or in the form of biofilms on various support materials.
Toxicity considerations: The problem of carcinogenic azo colorants
Colorants (dyes and pigments) are important industrial chemicals.
Following the technological nomenclature, pigments are colorants that are
insoluble in the application medium whereas dyes are applied in soluble form.
The question of systemic bioavailability, upon inhalation and skin contact, is of
particular importance for azo colorants based on carcinogenic aromatic
amines62.
In the past azo colorants based on benzidine, 3, 3’-dichlorobenzidine,
3,3’-dimethylbenzidine (o-toludine) and 3’-dimethoxybenzidine (o-dianisidine)
have been synthesized in large amounts and numbers, especially in
Germany.
Metabolism and bio-activation of azo colorants
The ecotoxicity of the textile dyes and their possible hazard to human
health was frequently reported63, 64, 65, 66, 67.  As reported by Chung et al.68, the
azo dyes extensively used in textile, printing, leather, paper making, drug and
food industries, following oral exposure, these dyes might be metabolized to
aromatic amines. Many of these aromatic amines are mutagenic as indicated
by AMES Salmonella/microsomal assay system.
Azo colorants are biologically active through their metabolites.
Azoreduction of these compounds occur in vivo69, 70, 71 by an enzyme-mediated
reaction. Azo-reductases are found in mammalian tissues, particularly in
liver72, 73, 74, 75 in gut bacteria76, 77, 78, 79, 80 and in skin bacteria such as
Staphylococcus aureus81. Extensive azo reduction was also described in one of
40 investigated isolates of Pseudomonas fluorescence82. The result of this azo-
reduction is the release of the (carcinogenic) aromatic amine from the
colorant74.
Studies performed on exposed workers have demonstrated that the
azo-reduction of benzidine-based colorants occurs in man83, 84, 85, 86, 87. As early
as 1995 increased rates of bladder cancer were observed in workers involved
in dye manufacturing88. Since that time, many studies have been conducted
showing the toxic potential of azo dyes. An understanding of the toxicity
problem can be found in the works of89 as well as90. Both papers indicate that
the problem associated with azo dyes is created by the dye metabolites.
A plant seed germination/root elongation and plant genotoxicity
bioassays has been reported to evaluate the remediation of some of the
contaminated soils91. The same test was employed by many other
researchers92, 93, 94, 95, 96, 97 to assess the phytotoxicity of different chemicals.
The evaluation of biotoxicity of textile dyes using germination of seeds to test
the mutagenic effects of several textile dyes also has been reported98.
Understanding the dye structures and how they are degraded is crucial
to understand how toxic by-products are created. The three-part list of the
biological mechanisms thought to be responsible for carcinogenic activation of
azo dye compounds89. This list is based on an extensive review of the
literature regarding azo dye toxicity, and places each mechanism in order of
their frequency of citation. They postulated that (i) azo dyes may be toxic only
after reduction and cleavage of the azo linkage, producing aromatic amines,
(ii) azo dyes with structures containing free aromatic amine groups that can
be metabolically oxidized without azo reduction may cause toxicity and (iii)
azo dye toxic activation may occur following direct oxidation of the azo linkage
producing highly reactive electrophilic di-azonium salts.
Anaerobic treatment
Anaerobic reduction of azo dyes using microbial sludges can be an
effective and economic treatment process for removing color from dye-house
effluents. Previous studies have demonstrated the ability of anaerobic
bacteria to reductively cleave the azo linkages in reactive dyes77, 58, 42, 47, 51, 99.
Although this effectively alters the chromogen and destroys the observed
color of the dye, many aromatic groups are not susceptible to anaerobic
reduction. However, there is evidence that some azo dye metabolites may be
fully stabilized in anaerobic environments47, 100.
There are reports on degradation of several azo dyes under aerobic
and anaerobic systems. Brown and Laboureur49 investigated the anaerobic
degradability of 22 commercial dyes. Of the dyes studied, four mono-azo and
six di-azo dyes showed substantial biodegradation, while two poly-azo dyes
showed moderate to variable reductions. Later in 198758 conducted a study on
14 azo dyes subjected to anaerobic sludge digestion followed by aerobic
treatment. This project focused on both the reduction of the dye molecules as
well as the production and subsequent degradation of dye metabolites.
The fate of Mordant Orange 1 and azodisalicylate under methanogenic
conditions using continuous up flow-anaerobic-sludge-blanket reactors has
been investigated52. The results of this study demonstrated the ability of an
anaerobic consortium to completely mineralize some azo dye compounds. In
studies conducted by42, 99 the anaerobic reduction of textile mill effluents and
the azo dyes Reactive Black 5 and Navy 106 were investigated, respectively.
In both cases, laboratory scale anaerobic reactors were used for dye
degradation. In a reported study on various reactive dye-bath effluents, the
researchers examined the effect of co-substrate and initial color
concentrations on fiber-reactive dye reduction efficiencies in UASB reactors51.
Their results showed that by adding a co-substrate, such as tapioca,
increased reduction efficiencies could be achieved. However, at high levels of
tapioca addition no enhancement was observed. Similar study using glucose
as co-substrate was conducted by24 for the decolorization of various textile
dyes under static culture condition. Furthermore, they] concluded that higher
initial color concentrations might be deleterious to acid forming bacteria,
resulting in a lower dye removal.
Aerobic Treatment
Conventional activated sludge treatment of wastes is often an effective
and highly economic system for reducing organic pollutants in wastewaters.
Research has been conducted assessing the viability of using activated
sludge to treat textile effluents101, 42, 102, 103. However, aerobic treatment of azo
dye wastes has proven ineffective in most cases, but is often the typical
method of treatment used today39. Because aerobic microbes cannot reduce
azo linkages, their ability to destroy dye chromogens is less than anaerobic
bacterium.
As reported by Brown and Laboureur54, aniline, p-anisidine, p-
phenetidine and o-toludine were readily biodegradable by aerobes, while o-
dianisidine and 3,3’-dichlorobenzidine were inherently biodegradable. They
suggested that these compounds could be stabilized if released into the
environment or directly from a dye-house into a conventional wastewater
treatment plant. A study conducted on 18 dyes to determine the their fate in
the activated sludge process showed that, eleven of them passed through the
activated sludge system substantially untreated, four were significantly
adsorbed onto the sludge, and three were apparently biodegraded102. An
activated sludge treatment test on two textile wastewaters was conducted and
it was found that the toxicity slightly reduced following aerobic treatment42.
An investigation of biological oxidation of p-amino-azobenzene (pAAB)
by Bacillus subtilis in batch experiments using a suspension medium
supplemented with glucose, ammonium chloride, and pAAB under sterile
conditions showed co-metabolism of pAAB in the presence of glucose,
breaking the -N=N- bond and producing aniline and p-phenylenediamine101.
Furthermore, evidence was found that suggested pAAB was inhibitory to
microbial growth, and that glucose was the growth-limiting substrate. The
degradation of the dye was the direct result of an oxygen insensitive azo
reductase enzyme found to be present in the soluble fraction of the biomass.
This enzyme was also synthesized independently of the presence of pAAB.
Anaerobic-aerobic sequential step-treatment
Anaerobic bacteria are often able to reduce the azo linkages, but are
generally unable to further stabilize the dye metabolites. Therefore, it would
be advantageous to follow anaerobic treatment processes with an aerobic
treatment step. As mentioned previously, aerobic organisms can oxidize
aromatic ring compounds to simpler molecules. A substantial amount of
research has been conducted on ANA/AER sequential step-treatment
systems used for degrading textile wastewaters58, 42, 59, 5, 104, 24. Lloyd42
performed ANA/AER sequential step-treatment on the two textile effluents
descried in the previous reviews of his work. The results generally showed a
high decolorization in the anaerobic phase with little TOC, BOD5, or COD
removal.  In the aerobic phase, the anaerobic effluent showed a higher
degree of TOC removal and less decolorization. These results correlate well
with the findings of Brown & Hamburger58.  There are also reports on the fate
of azo dyes Acid-Orange 7, Acid-Orange 8, Acid-Orange 10, Acid-Red 14 and
Procion Red H-E7B in an ANA/AER sequential step-treatment system59, 104.
They used a bench-scale fluidized-bed anaerobic reactor followed by a
bench-scale activated sludge reactor as a sequenced second stage treatment
step. Their results indicated that the transformation of all the dyes to
intermediates was readily achieved via anaerobic reduction, and was
assumed to be the result of azo bond cleavage. Complete mineralization was
not observed. The Acid-Orange 10 appeared to inhibit dye removal at
concentrations of 15 mg.l-1. The authors believed the production of aromatic
amines was responsible for the toxicity, citing the work of Chakrabarti et al.105.
All of the other dyes tested did not exhibit inhibition at a concentration of 15
mg.l-1. COD removal was variable depending on the dye, but reductions were
seen in both the anaerobic and aerobic phases. Aerobic oxidation of dye
intermediates was necessary to decrease COD levels to an acceptable range.
Similar study was conducted by Fitzgerald & Bishop5 using three lab-scale
reactors to study the degradation of the azo dyes Acid-Orange 10, Acid-Red
14, and Acid-Red 18.
Factors affecting biodegradation of dyes
Due to the highly variable nature of biological treatment systems and
especially textile effluents, there are a number of factors that may affect the
biodegradation rate of azo dyes. Throughout the literature, researchers have
discussed various problems associated with dye biodegradation that may or
may not be anticipated or remedied. Effects of environmental parameters
such as size and age of inocula, temperature, pH, dissolved oxygen or nitrate
concentrations, type and source of reduction equivalents, bacterial consortia
and cell permeability can all affect the biodegradation of azo dyes and textile
effluents. Nutritional parameter like types of C, N sources and metals also
significantly affect the decolorization and degradation process. Dye related
parameters such as class and type of azo dye (i.e. reactive mono-azo),
reduction metabolites, dye concentration, dye side-groups, and organic dye
additives could also affect the biodegradability of azo dye wastewaters.
The effects of pH, temperature, type and concentration of respiration
substrates, and oxygen tension on the rate of biological reduction of a variety
of azo dyes have been reported106. A consortium of microbes was used,
including Bacillus cereus, Sphaerotilus natans, and two others isolated from
sewage-activated sludge. Also, activated sludge was used in experiments
with mixed biosensors. Temperatures, which are too high or too low, can
result in the exclusion of a particular group of microorganisms.
The pH of wastewaters can affect the proper functioning of both
anaerobic and aerobic organisms107. The pH of wastewaters also affects the
rate of reduction106 but it was not possible to conclusively establish a
relationship. However, they did state that an exponential increase in the
decolorization rate was observed by decreasing the pH, but this relationship
depended on the dye being tested. Lloyd42 reported an indirect increase in the
rate of decolorization of Navy 106, with decreased pH values in anaerobic
batch tests. No statistical analysis was performed to verify this result,
however, nitrate and especially oxygen may play an important role in
determining the rate of dye reduction.
As seen in earlier sections of this review, the presence of oxygen
generally inhibits the degradation of azo dye chromogens. Interestingly106
demonstrated that obligate aerobes might actually decolorize azo compounds
under temporary anoxic conditions. However, high nitrite or nitrate
concentrations in the mixed liquor of activated sludge plants could significantly
inhibit dye removal. Zissi & Lyberatos108 observed B. subtilis to degrade p-
aminoazobenzene under anoxic conditions. Without the necessary reduction
equivalents to optimize bacterial respiration and growth, dye reduction may be
inhibited. Often, bacterial cultures are unable to proliferate when an azo dye is
the sole carbon and nitrogen source. Therefore, additional readily
biodegradable sources may be necessary. In the absence of oxygen an azo
compound will act as the sole oxidant, and its reduction rate will be governed
by the rate of formation of the electron donor106. The presence of oxygen may
compete out the azo dye as the preferred oxidizer of reduced electron carriers
in the respiration chain, and thus limit the reduction of azo linkages109.
A final and important factor to evaluate is the initial dye concentration
of the wastewaters. Seshadri & Bishop59 performed a study investigating the
effect of different dye concentrations on the color removal efficiency. They
concluded that elevated dye concentrations may cause a drop in percent dye
removal. Furthermore, the inhibition may be directly related to the effects of
increased dye metabolite formation due to higher dye concentrations. Less
pronounced reductions were seen at lower concentration levels. It should be
noted that tolerable concentrations are likely to be specific to individual or
related groups of dyes. A toxicity assays showed that Reactive Red 141 was
inhibitory to anaerobic organisms at concentrations greater than 100 mg.l-1110.
However prior biomass adaptation increased their resistance to elevated dye
concentrations.
Description of the site
The reported data in the preset study revealed that the dyeing and
printing houses at and around Jetpur are highly water consuming. These
industries discharge the effluents without treatment which contaminate the
flowing water of River Bhadar, and ultimately it finds its way into the under
ground water table and thus contaminates the environment. The Jetpur
industrialists have financially supported a common collection of textile
wastewaters, conveyance and treatment system for the wastewater to
alleviate pollution problems. However, there appears to be still considerable
room for improvement.
At present, the treatment system is not adequate to treat the textile
wastewaters, especially, the dye color problem, since the whole treatment
process is based on physico-chemical treatment, and extended aeration.
Purpose of the present study
In view of the above debate, the present study has been aimed to look
for the biotic agents from native environment that assist to reduce the high
levels of dye/color occurred in the wastewaters. To achieve the goal, the main
purpose was to search for potential microbial populations occurring in the
textile effluents.
The experimental work was designed to isolate, screen, and
characterize the organisms existing in the contaminated samples. The major
objectives of the study were to examine the effects of various environmental
and nutritional parameters on decolorization of several textile and laboratory
dyes and the decolorization and degradation of various textile dyes and dye
mixtures by designer bacterial consortia. The phytotoxicity study of dyes
treated under static and shaking conditions was one of the major and
important aspects.
CHAPTER -2
2
 Isolation and Screening of Potential Dye Decolorizing
Bacteria
Abstract
Effluents of textile industries are rich sources of dye decolorizing
microorganisms including bacteria, actinomycetes and yeast. Due to
adaptation of bacteria, an effluent rich in heterogeneous textile dyes has got
high count of dye decolorizing bacterial population.
Traditional microbiological methods of enrichment and cultivation were
used for the isolation of dye decolorizing bacteria from effluents of textile
industries. Initially 45 bacterial strains isolated in pure were used in primary
screening program, of these 25 were subjected to secondary screening for
obtaining potential dye decolorizing bacterial cultures. Identification of these
25 cultures was performed and found to be strains of Bacillus, Pseudomonas,
Xanthomonas, Sporolactobacillus and Enterobacter.
Decolorization of these dyes was analyzed by UV-Visible
spectrophotometer. The bacterial isolates decolorized various dyes to
different degree under static culture conditions.
Sensitivity of these isolates against various antibiotics was tested
which showed different magnitude of resistance and sensitivity.
Key words:   Decolorization, Bacterial isolates, Screening, Textile dyes, Laboratory dyes,
Antibiotic sensitivity
INTRODUCTION
Effluent discharge from textile and dyestuff industries to nearby water
bodies and wastewater treatment systems is currently causing significant
health and agricultural problems. Color removal, in particular, has recently
become a field of major scientific interest. During the past two decades,
several physico-chemical decolorization techniques have been reported,
however, few have been accepted by the textile industries. Their lack of
implementation has largely been due to high cost, low efficiency and
inapplicability to the variety of dyes used. The ability of microorganisms to
carry out dye decolorization has received much attention. Microbial
decolorization and degradation of dyes is seen as a cost-effective method for
removing these pollutants from the environment.
Various studies have showed that biodegradation by microorganisms is
a promising approach for treating effluents containing dyes48, 111. The
effectiveness of microbial decolorization depends on the adaptability and the
activity of selected microorganisms112. Many microorganisms have been
reported to degrade dyes; these include bacteria113, 114, filamentous fungi115, 116,
117, yeasts118, 28, 27, actinomycetes119 and algae120. It is known that many strains
of bacteria reductively cleave some dyes producing aryl amines under
anaerobic conditions, but these dyes are difficult to degrade aerobically113, 48.
In this work, we have screened several bacteria isolated from textile
effluents collected from different stages of treatment.
MATERIALS AND METHODS
Dyes
Textiles dyes were procured from various dye manufacturing industries
located in Ankelshwar, Ahmedabad, Vapi and Jetpur (Table 2.1a). Laboratory
dyes used in the study were purchased from Hi-Media, India (Table 2.1b).
Table 2.1a Textile dyes
Dye code Textile dyes ?max(nm)
T1 Reactive Violet 5 563
T2 Kemifix Red F6B 563
T3 Golden Yellow HR 422
T4 Reactive Orange 2R 486
T5 Fabricorn Green MGX 608
T6 Black BMG 602
T7 Turquoise Blue 662
T8 Reactive Supra Blue H3RP 664
T9 Reactive Red H8B 536
T10 Reactive Blue R 594
T11 Reactive Red 6BX 536
T12 Reactive Brown Brx 422
T13 Reactive Yellow FGM 425
T14 Acid Black 615
T15 Fast Scarlet R 505
T16 New Mehndi 666
Table 2.1b Laboratory dyes
Dye code Lab dyes ?max(nm)
L1 Crystal Violet 536
L2 Malachite Green 616
L3 Methylene Blue 650
L4 Congo Red 488
L5 Phenol Red 426
L6 Safranine 532
L7 Brilliant Green 612
L8 Fast Green 605
Sample collection
Samples were collected from the common effluent treatment plant
(CETP), operated and managed by Jetpur Textile Dyeing and Printing
Association, Jetpur, a taluka place of district Rajkot in Gujarat state. Samples
from six different stages of treatment (Table 2.2) were collected in autoclaved
sampling bottles and used as the source for the isolation of dye decolorizing
bacteria.
Enrichment, isolation and identification of dye-decolorizing bacteria
The samples like textile waste-waters, soil and sludge were collected
from the CETP, and surrounding farms where the treated waste-waters are
being used regularly for irrigation purpose.
Mineral Salt Medium (MSM) consisting of (g.l-1): Na2HPO4 (3.6),
KH2PO4 (1), (NH4)2SO4 (1), MgSO4.7H2O (1), Fe(NH4)citrate (0.01), CaCl2
.2H2O (0.1) and 1 ml of trace element solution having following composition
(mg.l-1) ZnSO4.7H2O (10), MnCl2.4H2O (3), CoCl2.6H2O (1), NiCl2.6H2O (2),
Na2MoO4.2H20 (3), H3BO3 (30), CuCl2.2H2O (1). The final pH of the medium
was adjusted to 7. Sixteen various textile dyes (Table 2.1a) and eight
laboratory dyes (Table 2.1b) were selected for this study. Stock solutions (1%)
of all textile and laboratory dyes were autoclaved and stored at 5-8oC
temperature for further study. A mixture of 16 dyes was prepared and added
to a final dye concentration of 1 mg.ml-1 in the medium as mentioned in the
text.
Enrichment of dye decolorizing bacteria from the samples (Table 2.2)
was carried out by adding 1 ml of the sample to 200 ml of MSM and dye
mixture in 500 ml Erlenmeyer flask. Flasks were incubated on rotary shaker
(150 rpm, RT). Dyes were added as a sole carbon source.
After every 4 days of incubation (i) a loop-full of medium was streaked
onto sterile nutrient agar plates and incubated at 37oC for 24 to 72 h, and (ii) 1
ml of the enriched culture was transferred to fresh medium. Such serial
transfers were performed till 30 days. Various colonies that developed on the
plates were sub-cultured to obtain the isolates in pure.
Culture preservation and maintenance
The stock cultures were preserved in glycerol at -20oC and used for
biodecolorization and degradation studies after pre-culturing in Complete
Medium (CM) consisting of (g.l-1): glucose (2), yeast extract (5), peptone (5),
KH2PO4 (10), MgSO4,7H2O (0.02), pH 7.
Screening of potential dye decolorizing bacterial isolates
Initially, 45 bacterial strains were isolated from CETP. 1 ml from the 24
h old cultures of these 45 strains were used to inoculate 100 ml CMB
supplemented with individual 16 textile and 8 laboratory dyes. The inoculated
flasks were incubated under static conditions for 96 hours.
Primary screening of potential dye decolorizing bacterial isolates
1 ml from the 24 h old cultures of these 25 strains was used to
inoculate 100 ml CM supplemented with individual 16 textile dyes. The
inoculated flasks were incubated under static and shaking conditions for 96
hours. Samples were withdrawn every 12 h from the flasks and analyzed to
determine the decolorizing activity.
Growth and colony characteristics
Cultures were activated in CM broth and a loop-full of it was transferred
to complete medium agar plates and slants, which were previously tested for
sterility and incubated (37oC, 24 h).
Gram reaction and cell morphology
Gram staining of the 24 h old cultures of all the isolates was performed
to study Gram reaction and the cell morphology.
Biochemical tests
 Media for all biochemical tests were prepared, inoculated with 10 ?l of
24 h old culture and incubated (37oC, 24 h).
Identification of bacterial isolates
Identification of bacterial isolates having dye decolorizing ability was
performed according to Bergey’s Manual of Systematic Bacteriology121.
Secondary screening of dye decolorizing bacteria
Initially, a large number of bacterial isolates were obtained. Some of
these were selected on the basis of number of dyes decolorized.
Twenty five bacterial isolates were selected on the basis of previous
examinations for secondary screening. The flasks were inoculated with 12
hours old culture (ca.1.161×1011 cells.ml-1) of various bacterial isolates and
incubated in static as well as shaking conditions for 96 hours. Samples were
withdrawn from the flask every four hours and centrifuged (10,000 rpm; 15
min) to obtain cell-free supernatant, which was used to evaluate residual dye,
percent decolorization and spectral analyses.
Decolorization assay
The decolorizing activity was expressed in terms of percentage
decolorization and was determined by monitoring the decrease in absorbance
at ?max of respective dyes. The un-inoculated complete medium supplemented
with respective dye was used as Control. Decolorization activity (%) was
calculated according to the formula:
Decolorization activity (%) = [(AC – AI)/ AC] x100
Where,  AC, Absorbance of control (uninoculated medium)
AI, Absorbance of inoculated medium
Spectral analysis
Spectral analysis of the dyes before and after decolorization was
performed using UV-Vis spectrophotometer (Shimadzu UV-Vis 1601, Japan).
The control and experimental (partially and completely decolorized) samples
were scanned in the 200-800 nm range. The spectra of decolorized dyes were
monitored for 0, 24, 48, 72 and 96 h for textile dyes and for laboratory dyes till
72 h against control spectra consisting mixture of dye and medium but without
inoculation with seed culture.
Antibiotic sensitivity
 Antibiotic sensitivity was performed using Octadiscs (Hi-Media
Laboratories Ltd., Octadiscs, B.No.0-2167, U.B.B-2003, previously stored at
0-8oC) containing (G-V-plus, OD-033): Amoxycillin (10 ?g), Tetracycline (30
?g), Co-Trimoxazole (25 ?g), Ciprofloxacin (5 ?g), Gentamicin (10 ?g),
Erythromycin (15 ?g), Chloramphenicol (30 ?g), Cephalexin (30 ?g) and(G-V-
minus, OD-043): Ampicillin (10 ?g), Kanamicin (30 ?g), Amikacin (30 ?g) and
Streptomycin (25 ?g) on antibiotic assay medium (Hi-Media, India) under
standard conditions.
Plates were prepared by pouring 15 ml of molten AAM (Antibiotic
Assay Medium), allowed to solidify and then, 10 ml of top AAM inoculated with
0.1 ml of 24 h old culture was poured and allowed to solidify. Antibiotic discs
were applied with forceps to ensure even contact with the medium before
incubating (37oC, 24 h).
RESULTS AND DISCUSSION
 The samples were collected from six different stages of textile waste-
water treatment plants (Table 2.2).
Table 2.2 Summary of samples collected from various sites of CETP, Jetpur
Treatment stage Sample Color pH
Stage 1 Raw Sewage Reddish Brown 8.2
Stage 2 Raw Filtered sewage Reddish Brown 8.2
Stage 3 Activated sludge-1 Brown 7.9
Stage 4 Activated sludge-2 Light brown 7.7
Stage 5 Sludge Solids Blackish Green 7.4
Stage 6 Treated Effluent Light green 7.4
 The color and pH of the samples was recorded immediately. The raw
sewage is usually reddish brown in color because of the types of dyes
generally used.
As the stages of treatment proceeds, the color of effluents changes
from reddish brown-brown-light brown-blackish green and finally light green.
The Reddish brown color of the incoming effluent is due to wide use of red
color dye in dyeing and printing industries, thus, it contributes more to the
effluent’s color compared to other dyes. The light green color of the finally
released effluent after treatment may be due to the production of green
pigments by Pseudomonas species which grow and dominate in the effluents
under static condition24. The pH of the untreated effluent was 8.2, which
reduced during treatment to near neutral (7.4).
Enrichment, isolation and screening of potential dye-decolorizing
bacteria
Effluents contain a large array of diverse microbes as discussed
elsewhere in the text. All microbes may not be actively involved in the
decolorization and degradation process. Some may be highly potential while
others may feed on decolorized and degraded dye products. Thus, it is
necessary to selectively enrich those populations of microbes, which are
potential decolorizers as well as degraders.
As discussed in material and methods, the MSM with trace element
solution does not contain any carbon source. Spiking of this medium with a
mixture of selected textile dyes support the bacterial population that is able to
utilize dyes as a source of carbon. These bacterial populations will out-grow
populations that do not utilize dyes as a sole source of carbon, with time.
As shown in Table 2.3a and 2.3b, among the 45 isolates, few show
less and some show moderate decolorization activity. Many of them
decolorize dyes completely.
On the basis of visual decolorization, 25 isolates were selected out of
the 45 isolates obtained initially. These isolates were tested for their ability to
decolorize selected textile and laboratory dyes (Table 2.4a and 2.4b).






Growth characteristics
Out of 25 bacterial isolates, 21 were Gram positive and 4 Gram
negative. Among Gram positive, all were spore-formers, occurring in different
arrangements like, singly, doubly, in chain etc. It was found that the opaque
colonies were of gram positive and transparent colonies were of Gram-
negative organisms.  There was characteristic pigmentation of colonies like
gray, white, greenish yellow, light yellow along with even, uneven, wavy,
filamentous margins and circular, rhizoid, irregular forms.  Size of the colonies
varied from small to moderate to large having smooth or rough texture and
diverse elevation like flat, slightly raised, umbonate, and convex (Table 2.5).
The growth pattern of these isolates on nutrient agar slant was filiiform,
echinulate and arborescent with moderate to large growth-abundance (Table
2.6).
Growth of most of the isolates was observed to be mostly at the bottom
while growing in nutrient broth. Some gave thick, pod-like growth on surface,
flaky aggregates or finely dispersed growth throughout the medium (Table
2.7).
Biochemical tests
All the isolates, except 25, fermented sugars. All the sugars, except
sorbitol, were fermented to produce acid but no gas (Table 2.8). Isolates 1, 2,
9, 10, 12-14, 17, 22 and 25 did not ferment lactose and none of the isolates
fermented sorbitol. Glucose, fructose and sucrose were fermented by all
isolates except 25 and maltose was fermented by all the isolates except 2, 17
and 25. Xylose, a pentose sugar was not fermented by isolates 4 and 25.
None of the isolates produced gas and H2S while growing on TSI.
Isolates 3, 12, 13 and 25 did not produced acid hence the slants were red
while remaining isolates produced acid fermenting sugars present in TSI
which is evidenced by conversion of slants from red to yellow (Table 2.8).




 During the study of hydrolysis of various complex polymeric
macromolecules, it was found that gelatin and tributyrin were hydrolyzed by all
the isolates, while casein was hydrolyzed by all the isolates except 3, 10 and
13. Isolates 2, 6, 12, 24 and 25 did not hydrolyze starch.  All the isolates
except 9, 22, 24 and 25 did not utilize citrate as a sole source of carbon
(Table 2.9).  All the isolates except 5 produced catalase and except 1, 8, and
15 tested oxidase positive (Table 2.9). Utilization of various nitrogen
compounds and their resultant effects were tested. The result obtained (Table
2.9) showed that not a single isolate produced indole. At the same time all the
isolates gave deamination test negative. Ammonia production was found
positive in all the isolates.  Isolates 8, 9 and 11 were found to produce H2S
while growing in the medium. Isolates 4, 5, 6, 8, 9, 13, 19 23, and 25 did not
reduce NO3 while the others tested positive.
  As shown in Table 2.10, all the isolates grew at 25, 37, 40 and 45oC.
Isolates, 4, 8, 9, 10, 14, 18 and 20 did not grow at 50oC while the others grew
at 50 oC.
Identification of bacterial isolates
  On the basis of all the above-discussed growth characteristics and
biochemical tests, the isolates were tentatively identified and denoted as CR-1
to CR-25 (Table 2.10 & 2.11).
  Isolates CR-1, CR-2, CR-4, CR-6, CR-8, CR-10, CR-11, CR-14, CR-
16, CR-17, CR-18, CR-19, CR-20, CR-21, CR-22, CR-23 and CR-24 belong
to genus Bacillus. Among them, isolates CR-1 and CR-2 were identified as
Bacillus subtilis and Bacillus circulans respectively. Isolates CR-7 and CR-12
belong to genus Enterobacter. Isolates 3 and 5 belong to genus Xanthomonas
and Sporolactobacillus.
  Isolates CR-9, CR-13, CR-15 and CR-25 are identified as Pseudomonas,
Isolates CR-25 was further identified by rapid ID 32E as Pseudomonas
aeruginosa CR-25. This isolate was used for detail study of different textile and
laboratory dyes under various physico-chemical conditions due to its very high
dye decolorizing potential.



 Decolorization assay and secondary screening
   The dye concentration in industrial waste stream typically varies from
10-50 mg.l-1.122. However, changes in operating condition do occur leading to
still higher concentrations of dye and therefore it is important to know if the
native dye decolorizing microbial community can handle higher
concentrations.
Keeping in mind the above fact, we used 50 mg.l-1 dye concentrations
to isolate dye-decolorizing bacteria. The average decolorization of the
selected dyes by the isolated microbial strains was found to be between 50-
68% (Table 2.4a and 2.4b).
Decolorization of Turquoise Blue is minimum (50%) and Acid Black is
maximum (68%). Out of sixteen dyes, decolorization of five dyes is in the
range of 50-55%, three dyes in the range of 56-60%, seven dyes in the range
of 61-65 and one dye above that. The bacterial isolates possess different dye
decolorizing potential.  Isolates 13 and 17 decolorized on an average 48% of
the initially provided dyes while isolates 1, 3, 6, 8, 15 and 16 decolorized 61-
67% on an average. The average % decolorization was 51-60% in the case of
Isolates 2, 4, 5, 7, 9, 10, 11, 12, 14, 15, 16, 18, 19, 21, 22, 23, and 24. Isolate
CR-25 was the best having 91% dye decolorization potential. This isolate was
identified as Pseudomonas aeruginosa CR-25 using rapid ID 32 E and was our
obvious choice for further studies.
Spectral analysis
 Spectral analysis of some textile and laboratory dyes (Figure 2.1) was
performed in the 200-800 nm range. Results obtained revealed that the peak
in the visible region disappeared with incubation time with new peaks
appearing in the UV region. This hypsochromic shift (long wave-length to
short wave-length) indicates simplification of the native compound (dye) and
provides strong evidence of the decolorization process is because of the
degradation of the dye

Antibiotic sensitivity testing
Microbial sensitivity towards any antibiotic is an important characteristic
for the molecular biology study of that isolate. 16 various antibiotics were
selected to study against isolates 1 to 25. Zone of inhibition obtained are
shown in Table 2.12.  The isolates are grouped into three categories. Those
that give zone of inhibition (i) above 20 mm. (ii) between 11-20 mm and (iii)
below 10.
Isolates 5, 7, 12, 16, CR-18, 19 and 25 are less sensitive against
Amoxycillin (Am) giving less than 10 mm zone of inhibition.
In presence of Tetracycline (T) isolates 2 to 7, 8, 10, 11, 13, 14, 22 and
23 show more sensitivity giving zone of inhibition between 21-30 mm, while
compared to this isolates 1, 6, 9, 12, 15 to 21 and 24 showed less inhibition
(between 11-20 mm). Only isolate 25 was found to be more resistant giving
10 mm zone of inhibition.
Isolates 1, 4 to 7, 9, 12 to 14, 16 to 20, 22, 23 and 25 were found to be
more sensitive giving zone of inhibition of 18, 18, 12, 18, 14, 18, 14, 10, 20,
14, 18, 16, 16, 18, 17, 16 and 12 mm respectively compared to isolates CR-2,
3, 8, 10, 11, 15, 21 and 22 which gave zone of inhibition between 21-23 mm
in presence of Co-Trimoxazole (Co).
In presence of Ciprofloxacin (Cf), all isolates showed zone of inhibition
more than 10 mm. Isolates 2 to 4, 8, 10, 11 and 15 were found highly
sensitive showing more than 25 mm zone of inhibition In case of Gentamicin
(G), only isolate 1 was resistant compared to all other isolates.
In presence of Erythromycin (E), isolate 1, 3, 4, 11, 13, 14, 17 to 19
and 21 were found comparatively less sensitive giving less than 10 mm zone
of inhibition compared to all other isolates.
In presence of Chloramphenicol (C), isolate 22 gave minimum zone of
inhibition (10 mm) while isolates 1, 3 to 7, 9 to 14, 16 to 21 and 23 to 25 are
moderately sensitive giving zone of inhibition between 11-20 mm. Isolate 2, 8,
and 15 were found to be highly sensitive showing more than 20 mm inhibition.
Cephalexin (Cp) was found most effective against isolate 18 and 25.
Isolate 8 was most sensitive (36 mm) while isolate 25 was least sensitive (6
mm). In presence of Ampicillin (A), isolate 9 and 19 are less sensitive while
others are comparatively more sensitive.
Only isolate 21 showed highest resistant (10 mm) against Kanamicin.
In presence of Amikacin, isolate 6, 9, 16 and 17 gave minimum zone of
inhibition (between 6-10 mm), while other isolates were found more sensitive.
In presence of Streptomycin (S) isolates 6 and 7 appeared to be resistant with
2 mm inhibition zone.

CONCLUSION
1. Textile effluents is a rich source of dye decolorizing bacterial populations
2. Initially, 45 bacterial isolates were obtained having different degree of dye
decolorizing activity.
3. 25 isolates were selected on the basis of decolorization (%) obtained.
4. All isolates were characterized on the basis of growth characteristics,
Gram’s reaction and biochemical tests.
5. Isolates were identified tentatively on the basis of these characteristics and
were found to be different.
6. Bacillus sp. was found to be dominating in the effluents. Next to it,
Pseudomonas sp. was found along with other members of other genera.
7. Out of 25 isolates, Pseudomonas aeruginosa CR-25 was found to decolorize
all the dyes selected for the study maximally, so it was selected for further
study.
8. 16 textile dyes and 8 laboratory dyes were selected for decolorization
study and all dyes were decolorized by all bacterial isolates.
9. Almost all isolates were found to be resistant against various antibiotics
tested.


CHAPTER -3
      Influence of Cultural and Environmental
Parameters on the Decolorization of Dyes by
Pseudomonas aeruginosa CR-25
Abstract
Pseudomonas aeruginosa CR-25, a potential dye decolorizing bacterial
isolate was used to test decolorization of Reactive Violet 5, Kemifix Red F6B,
Golden Yellow HR, Reactive Orange 2R, Fabricorn Green MGX and Black
BMG under various cultural and environmental parameters like size of
inoculum, age of inoculum, temperature, pH, Tween-80.
 1 ml inoculum size, 18 h age of inoculum, pH of 7 and temperature of
37oC was found to be optimum for the decolorization of dyes by the static
culture of P. aeruginosa CR-25 growing on complete medium. There was no
difference in the decolorization activity at different concentrations of Tween-
80.
 Decolorization of Reactive Violet 5 at its varying concentrations of by P
aeruginosa CR-25 was tested under static culture condition. Results showed
that as the dye concentration increases, decolorization decreases and at
certain concentration it is inhibited.
 Decolorization of dyes was also confirmed by thin layer
chromatography. Disappearance of dye spot in chromatogram confirmed
decolorization and degradation of dyes.
Key words:   Decolorization, P aeruginosa CR-25, Thin Layer Chromatography, Size of
inoculum, Age of inoculum
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INTRODUCTION
Many textile (azo) dyes are recalcitrant xenobiotics and, therefore, azo
dye bearing effluents cannot be efficiently decolorized and degraded by
conventional aerobic wastewater treatment processes to the regulatory
levels123. Sorption46, electrochemical destruction124, and photo-catalysis125
thought effective as tertiary treatments, are not economically viable.
Primary, physical and chemical treatments of azo dye bearing
wastewater combined with conventional aerobic biological treatment, are
effective but may generate significant amounts of chemical sludge
categorized in India as hazardous waste126, whose disposal in a secure landfill
increases process cost.
The decolorization of azo dye by microorganisms invariably starts by
reductive cleavage of azo bond under anaerobic conditions. Although, this
step leads to decolorization of dye but it generates amines of the related
structures that are not degraded under anaerobic conditions and tends to
accumulate to toxic levels. However, such amines are reported to be readily
bio-transformed under aerobic conditions. There are some reports on
complete degradation of sulfonated aromatic amines by enriched bacterial
communities.
The environmental problems associated with textile activities mainly
arise from the extensive use of organic dyes127. It is estimated that 10-15% of
the dyes used end up in the effluent during the dyeing processes2. The major
classes of synthetic dyes normally used include azo, anthraquinone and
tryarylmethane dyes. There are three major problems with dyeing mill
effluents: (i) many of them are carry toxic or even carcinogenic compounds
with long turnover times in humans and animals128.
Dyes are usually recalcitrant to microbial degradation, since they
contain azo, nitro or sulfo groups and their residues accumulate in the biota.
(ii) Many reports indicate that textile effluents have toxic effect on the
germination rates and biomass of several plant species (iii) another major
problem that the textile manufacturing unit faces is that it consumes a
considerable amount of water primarily in the dyeing and finishing operations.
Considering both the volume and composition of the effluents, the textile
industry is rated as the most polluting industrial sectors. Usually the dyes are
the most difficult constituent to remove or treat appropriately. Complete
degradation of dyeing effluents can only be accomplished by biological
oxidation.
Moreover bacterial degradation is much faster than fungal degradation
of textile dyeing effluents129. Several reports have shown that bioremediation
of azo dyes occur in a two step process, the first step being the anaerobic
reduction of the azo bond, resulting in the production of two aromatic amines
while the second step involves the aerobic digestion of the resulting aromatic
amines by a mixed bacterial population leading to their complete
mineralization130. It is known that conventional aerobic wastewater treatment
processes cannot efficiently remove the disperse azo dyes131, thus, there is
still a need to develop effective biological decolorization processes for the
clean up of azo dyes132.
In present study, the decolorization of six textile azo dyes namely
Reactive Violet 5, Kemifix Red F6B, Golden Yellow HR, Reactive Orange 2R,
Fabricorn Green MGX and Black BMG was tested under various cultural
parameters like, size of inoculum, age of inoculum and environmental
parameters like temperature, pH and Tween-80.
MATERIALS AND METHODS
Dyes and chemicals
Textile dyes Reactive Violet 5, Kemifix Red F6B, Golden Yellow HR,
and Reactive Orange 2R, Fabricorn Green MGX and Black BMG commonly
used in local textile dyeing and processing industries were obtained from
Ankleshwar and Ahmedabad, Gujarat (India). The media components and
chemicals used were purchased from Hi-Media Labs, Bombay (India). All
chemicals used were of analytical grade.
Microorganisms
Pseudomonas aeruginosa CR-25 obtained by on the basis of primary and
secondary screening (Chapter 1) was used to study these parameters.
Determination of growth
(i) Viable count: Standard method was followed to determine viable
count at given intervals of time mentioned in the text.
(ii)  Turbid metric measurement: Biomass separated upon centrifugation
was washed (3×), re-suspended in the same volume of DW and used
for the determination of OD660.
(iii)  Biomass (dry weight): 2 ml of the culture was taken in pre-weighed
Eppendorf tubes, centrifuged (10,000 rpm, 15 min), washed (3×),
supernatant discarded and the tubes dried to a constant weight before
determining biomass dry weight.
(iv) Total Protein: 1 ml of the culture was taken in eppendorf tubes,
centrifuged (10,000 rpm, 15 min) washed (3×), and the pellet (biomass)
was collected, to which 1 ml NaOH (2.5 M) was added, incubated for
30 min in boiling water-bath. It was cooled down, centrifuged (10,000
rpm, 15 min) and supernatant was collected for the determination of
protein according to Bradford 133.
Effects of Size of inoculum on decolorization of Reactive Violet 5 by
Pseudomonas aeruginosa CR-25
16 hours old culture of P. aeruginosa CR-25 growing in CMB was used
as inoculum. 25 flasks containing 100 ml of sterile CMB medium with Reactive
violet 5 (100 mg.l-1) were prepared. In a set of five flasks, each flask was
inoculated with a fixed amount of inoculum varying between 0.2-1% and
incubated at 37oC. Inoculated and un-inoculated controls were also included.
One flask was harvested at an interval of 12 h and analyzed for percent
decolorization and biomass (total protein mg.ml-1).
Effects of age of inoculum on decolorization of Reactive Violet 5 by
Pseudomonas aeruginosa CR-25
Culture of P. aeruginosa CR-25 having different ages like 6, 12, 18, 24,
and 36 h was used as inoculum. The experiment was conducted separately
for all six dyes. Erlenmeyer flasks containing 100 ml of sterile CMB medium
with dyes (100 mg.l-1) were prepared. In a set of five flasks, each flask was
inoculated with 1% inoculum (ca.1.161 x 1011 cells.ml-1) and incubated at
37oC. Inoculated and un-inoculated controls were also included. The flasks
were harvested at an interval of 24, 48 and 72 h and analyzed for
decolorization.
Effects of temperature on the decolorization of various textile dyes by
Pseudomonas aeruginosa CR-25
250-ml Erlenmeyer flasks containing 100 ml complete medium with
(100 mg.l-1): Reactive Violet 5, Kemifix Red F6B, Golden Yellow HR, Reactive
Orange 2R, Fabricorn Green MGX and Black BMG were autoclaved (15 psi,
20 min), inoculated with 18 h old seed culture (ca. 1.161 x 1011 cells.ml-1) and
incubated at 10, 20, 37, 50 and 60oC temperature. Appropriate controls (as
described elsewhere) were also included. Samples were harvested after 24
and 48 h and analyzed for decolorization and biomass.
Effect of pH (buffer) on decolorization of Reactive Violet 5 by
Pseudomonas aeruginosa CR-25
Complete medium containing Reactive Violet 5 was prepared in
different buffer solutions. The buffers selected for media preparation were 0.1
M citrate buffer (pH 4 and 5), 0.1 M sodium phosphate buffer (pH 6 and 7)
and 0.1 M Tris buffer (pH 8 and 9). All other experimental conditions were as
described elsewhere. Samples were harvested at an interval of 24 h and
analyzed for decolorization and biomass.
Influence of Tween-80 on the decolorization of Reactive Violet 5 by
Pseudomonas aeruginosa CR-25
250 ml Erlenmeyer flasks containing 100 ml complete medium with
(100 mg.l-1) Reactive Violet 5 dye and varying concentrations of Tween-80
(0.003 %, 0.006 %, and 0.009%) were prepared, autoclaved, inoculated and
incubated at 37oC under static condition. Samples were harvested at an
interval of 12 hours and analyzed for decolorization and biomass.
Effects of concentration of Reactive Violet 5 on its decolorization by
Pseudomonas aeruginosa CR-25
Complete medium containing Reactive Violet 5 (mg.l-1):100, 200, 300,
400, 500, 600, 700, 800 and 900 was distributed in Erlenmeyer flasks,
autoclaved, inoculated with seed culture (ca. 1.161 x 1011 cells.ml-1) and
incubated at 37oC under static condition as discussed before. Samples were
harvested at an interval of 24 hours and analyzed for decolorization and
biomass.
Thin layer chromatography
TLC Plates Silica Gel 60F254, layer thickness 0.25 mm x 5 cm x 10 cm
(Merck K. GaA- 64271, Darmstadt, Germany), coated on aluminium foil were
used for thin layer chromatographic analysis.
Several polar and non-polar solvents were tested to standardize the
solvent system to separate the dye components and degradation products in
the medium. Polar solvents like methanol, acetone and non-polar solvents like
benzene, hexane, chloroform, dichloromethane and butanol in various
combinations were employed.
The cell free supernatant obtained after 48 h of incubation was
extracted with equal volume of ether and the extracts were dried by
evaporating the ether at ambient temperature. 100 ?l concentrated sample
dissolved in methanol was used for carrying out TLC.
Before loading, the TLC plates were activated by heating at 60oC for
one hour. The concentrated samples were resolved on TLC plates using
n-butanol: acetic acid: water (4:2:4 v/v) as developing solvent. The samples
were labeled as 1 (Dye=D), 2 (Medium + Dye = MD), 3 (Medium + Dye +
Organisms-treated = MDO) and 4 (Medium + organisms = MO). The resolved
chromatogram was observed under natural light, short wave length UV (254
nm) and long UV (365 nm). The Rf values of the spots were calculated using
following formula.
Rf = Distance travelled by solute / Distance travelled by solvent
RESULTS AND DISCUSSION
Effects of size of inoculum on decolorization
The optimum inoculum size needed for faster and higher decolorization
by P. aeruginosa CR-25 was tested by varying inoculum size starting from
(ml/100 ml): 0.2 to 1 ml.
Figure 3.1 shows the effects of size of inocula on decolorization of
dyes. When the size of inoculum was 0.2 ml, 15% decolorization was
obtained within 24 h. Between 36 to 48 h, 36% decolorization was achieved.
22% decolorization was obtained within 24 h with 0.4 ml inoculum size and
80% after 48 h. As we increase the inoculum size from 0.6-0.8 ml there was
difference in decolorization (%). The dye was rapidly decolorized in the flasks
to which 1 ml inoculum was added.
The decolorizing activity increased with increase in the inoculum size,
reaching (88 %, at 1% of inoculum) after 36 h, beyond that (after 48 h and 60
h) decolorization did not vary significantly.
It can be concluded that under unlimited supply of dye and medium, if
we increase the size of inoculum i.e. number of cells, the decolorization of dye
increases. There was no proportionate increase in the decolorization with
increase in the inoculum size of Kurthia sp. when inoculated in textile
effluent114.
Effect of age of inoculum on decolorization
Microbes growing at different stages of their life cycles have got
various physico-chemical and physiological properties, which can be
expressed in terms of production of various primary and secondary
metabolites. Dye decolorization by bacteria is due to azoreductase activity,
which takes place under anaerobic conditions. Decolorization process occurs
at a different rate under different cultural conditions. The present experiment
was aimed to test the effects of age of inoculum, which consist of microbial
population harvested at different time to inoculate the reaction flasks
containing selected dyes.

As shown in Figure 3.2, dye Reactive Violet 5 and Black MBG showed
similar decolorization when inocula of varying age were used. When the age
of inocula was 5, 6, 12, 24, 48 and 60 h, 61, 78, 80, 76 and 75%
decolorization was obtained respectively in the case of Reactive Violet 5,
while Black BMG was decolorized to 70, 70, 72, 71 and 64% respectively.
The decolorization pattern of Kemifix Red F6B and Golden Yellow HR
was also found to be similar. When 18 h old culture was used as inoculum,
decolorization of Kemifix Red F6B and Golden Yellow HR was 47 and 40%
respectively, while decolorization of Kemifix Red F6B was 14% and Golden
Yellow HR was 19% when 6 and 60 h culture was used as inoculum. In the
case of Reactive Orange 2R, and Fabricorn Green MGX, decolorization
obtained was in the range of 48-56% and 37-35% respectively with inocula of
varying ages.
To summarize, the decolorization of the dyes was best when 18 h old
culture was used as inoculum.
Effects of temperature on decolorization
Microbial growth is temperature specific and temperature is an
important physical parameter that affects the cell metabolism directly or
indirectly. Those processes, which are catalyzed by enzyme, are affected by
incubation temperature. Variation in temperature decreases or increases the
enzyme activity. Dye decolorization and degradation is an enzyme catalyzed
reaction and the rate of which can be reflected in the amount of dye
decolorized.
At 37oC, the maximum decolorization of dyes a-f (58, 17, 30, 33, 42
and 47% respectively) was obtained and at 10oC incubation temperature,
minimum decolorization (11, 8, 8, 3, 9 and 10% respectively) was achieved. In
the case of Reactive Violet 5, increase in decolorization was two fold when
the incubation temperature was increased from 10 to 20oC. Three fold
increases in decolorization was observed when the incubation temperature
was increased from 20 to 37oC. Beyond 37oC, decolorization decreases by
approximately 10% when the temperature was increased by 10oC. Similar
pattern of decolorization at various temperatures was observed with the other
dyes as well.
Thus, the dye decolorizing activity of our culture was found to increase
with increase in incubation temperature (Figure 3.3.) from 10 to 37oC with
maximum activity attained at 37oC. Further increase in temperature resulted in
marginal reduction in decolorization activity of Pseudomonas aeruginosa CR-25.
Decline in decolorizing activity at higher temperature can be attributed to the
loss of cell viability or to the denaturation of azoreductase enzyme134.   Wong
& Yuen135 reported that Klebiella pneumoniae RS-13 decolorized of Methyl red
in the temperature range of from 23 to 37oC, whereas, at 45oC decolorization
was completely inhibited. Pseudomonas sp reportedly decolorized Malachite
green, Fast green, Brilliant green, Congo red and Methylene blue optimally at
37oC136.
Effects of pH on the decolorization of textile dyes by Pseudomonas
aeruginosa CR-25
Ionic strength (pH) of the medium is of prime importance for almost all
physiological processes. Optimal degradation or synthesis occurs at a certain
pH value. Decolorization and biodegradation are also pH-dependant
processes. This experiment was designed to evaluate the influence of pH on
the decolorization of various textile dyes.
Bacterial cultures generally exhibit maximum decolorization at pH value
near 7. The optimal pH for the decolorization of dyes d, e and f by P.
aeruginosa (72, 30 and 74%) was found to be 8 (Figure 3.4). The dyes a-f were
also decolorized at pH 4 but the decolorization was poor (10, 14, 19, 22, 4
and 4). Both, E. coli and P. luteola, exhibited best decolorization at a pH 7 with
constant decolorization rate up to pH 9.5137, K. pneumoniae RS-13 completely
degraded Methyl red in the pH range of 6-8135.  Mali et al.136 found that a pH
value between 6 and 9 was optimum for the decolorization of
triphenylmethanes and azo dyes by Pseudomonas sp. More over, it has been
reported that generally azo dye reduction by bacterial cultures to more basic
aromatic amines leads to a rise in pH of the medium by about 0.8 to 1.0
values138.



Effects of Tween-80 on decolorization of Reactive Violet 5 by
Pseudomonas aeruginosa CR-25
Tween-80 increases the permeability of the cell thereby increasing the
uptake of dye.  In the presence of 0.003% Tween-80, 59% decolorization was
obtained. As the concentration of Tween-80 increases, from 0.006 to 0.009%,
the decolorization increased from 62 to 77% respectively compared to 53%
decolorization without Tween-80 (Figure 3.5).
Effects of dye concentration
Decolorizing activity of P. aeruginosa CR-25 was studied using Reactive
Violet 5 at different initial concentrations varying from 100 to 900 mg.l-1
(Figure 3.6).
As the concentration of dye increases, decolorization of Reactive Violet
5 decreases. Lower decolorization efficiency is due to higher inhibition of at
high dyestuff concentration139. O’Neil et al.140 reported that the dye
concentration in the reactive dye bath effluent was observed within narrow
range of 0.1-0.2 g.l-1.
Our isolate could decolorize the dye at concentrations much above
those reported in wastewaters and thus it can be successfully employed for
treatment of dye containing industrial wastewaters.

Thin layer chromatography
Plate 3.1 and 3.2 shows the chromatogram of ether extracted samples
1, 2, 3 and 4 (D, MD, MDO and MO respectively). MDO treated of all dyes
showed the disappearance of spots corresponding to the parent dye (Rf value
0.66, 0.54, 0.85, 0.83, 0.77, and 0.61 respectively). The chromatogram of
MDO treated sample of Reactive Violet 5 resolved into a single spot of Rf
value 0.5. The spot was visible under UV (F254) light indicating formation of
aromatic product after decolorization.
The complete mineralization of azo dyes based on substituted benzene
rings by anaerobic/aerobic sequential treatment has been reported in
literature141. However, there are very few reports on degradation of
sulphonated naphthalene ring based azo dyes. Haug et al.142 reported
complete degradation of Mordant Yellow 3, naphthalene and benzene rings
based azo and Pseudomonas sp. BN9 at shake flask level.
CONCLUSION
1. Analysis of effects of size of inoculum of P. aeruginosa CR-25 on
decolorization showed that the inoculum size of 1% (ca. 1.161 x 1011
cells.ml-1) is optimal for the decolorization within 60 h.
2. 18 h old culture of P. aeruginosa CR-25 is most suitable for decolorization
dyes.
3. Temperature optima for the decolorization of selected dyes by P.
aeruginosa CR-25 was found to be 37oC.
4. pH optima for the optimum decolorization of selected dyes is different.
5. Addition of Tween-80 to the medium improves the decolorization of dye by
P. aeruginosa CR-25.
6. While checking effects of various concentrations of dyes, it was found that
increase in dye concentration decrease the efficiency of decolorization.
7. Thin layer chromatographic analysis of all dyes showed that there was no
presence of band of dye in the treated sample. Disappearance of this spot
indicated removal of dyes from the medium as a consequence of
degradation.
Textile-processing industries uses a wide range of structurally diverse
therefore effluents from textile industry are extremely variable in
composition143.Treatment wastewater consisting thousands of dyes and its
decolorization is a difficult task. Wide ranges of pH, salt concentrations and
heterogeneous chemical structures often add to the difficulties for its
treatment. Although decolorization is a challenging process to the textile
industry, microbial decolorizing systems show great potential for achieving
total color removal with only hours of exposure.
Our isolate P. aeruginosa CR-25 decolorize dyes very efficiently when
we provide different cultural and environmental conditions like different age
and varying size of inocula, temperature, pH. It also decolorizes high
concentrations of dyes (up to 800 mg.l-1).  Thus, our culture of P. aeruginosa
CR-25 is suitable for the application in treatment of large volume textile wastes
consisting heterogeneous dyes.
CHAPTER -4
Influence of Nutritional Parameters on the
Decolorization of Dyes by
Pseudomonas aeruginosa CR-25
Abstract
The influence of various nutritional parameters like effects of carbon
and nitrogen sources, metals etc. on the decolorization of textile dyes,
Reactive Violet 5, Kemifix Red F6B, Golden Yellow HR, Reactive Orange 2R,
Fabricorn Green MGX and Black BMG by static cultures of Pseudomonas
aeruginosa CR-25 isolated from CETP was studied.
Addition of carbon sources like glucose, mannitol and fructose and
nitrogen sources like (NH4)2SO4, NH4Cl and glycine increased the
decolorizing activity.
 The decolorizing activity is also influenced by certain metals. Different
concentrations of metals were found to affect the decolorization of dyes.
Pseudomonas aeruginosa CR-25 decolorized Reactive Violet 5 and
Fabricorn Green MGX with maximum COD reduction (10967 ppm and 9311
ppm respectively) after 48 h which strongly indicates assimilation and
mineralization of dyes.
 It was strongly evidenced by the Positive Rothera’s reaction (meta-ring
cleavage) that dyes are not only decolorized but undergo degrade.
Key words:   Decolorization, Pseudomonas aeruginosa CR-25, Thin Layer Chromatography,
Rothera’s reaction, COD.
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INTRODUCTION
Every community produces liquid and solid wastes. Wastewaters may
be defined as water discharged upon being utilized and loaded with a great
many dissolved and suspended wastes removed from residences, institutions,
and commercial, agricultural and industrial establishments. If wastewaters are
allowed to accumulate, the decomposition of its organic fraction can lead to
the production of inconvenient quantities of malodorous volatile compounds.
In addition, many wastewaters may carry along numerous pathogenic
microorganisms from human intestines as well as toxic compounds. It also
contains many nutrients that can stimulate growth of underside aquatic
organisms. For these reasons, the immediate and nuisance-free removal of
wastewater, followed by treatment and disposal thereupon, is not only
desirable but also necessary in an industrialized society.
Wastewaters can be subjected to different treatments, e.g. physical,
chemical or biological treatments, depending on the quality of the effluent
necessary for keeping acceptable quality of the receiving water. Physical
separation procedures are used to remove coarse and settable solids or
floating matter by screening, sedimentation, flotation and filtration. With
chemical treatment, wastewaters can be disinfected and inorganic
compounds such as phosphate can be eliminated by precipitation.  Biological
methods are used primarily to remove the biodegradable, dissolved or
colloidal, organic substances. Basically, these substances are converted into
gas that can escape to the atmosphere and into cell biomass that can be
separated from the liquid by settling. Biological treatment is also used to
remove nitrogen and phosphate from wastewaters. With proper environmental
control, wastewaters can be treated biologically in most cases.
The biological processes used for wastewater treatment are: aerobic
processes, anaerobic processes and a combination of both. The individual
processes are further subdivided, depending on whether treatment is
accomplished in suspended-growth systems, attached-growth devices or
combinations thereof. The principal applications of these processes are (i) the
removal of the carbonaceous organic matter usually measured as biochemical
oxygen demand (BOD), total organic carbon (TOC), or chemical oxygen
demand (COD); (ii) nitrification (iii) denitrification (iv) dephosphatation and (v)
stabilization.  Stabilization means reduction of pathogens, elimination of
offensive acids and the reduction of the potential for putrefaction.
  Reactive dyes, the only textile colorants designed to bond covalently
with cellulose fibers (i.e. cotton), are extensively used in the textile industry
because of the variety of their color shades, high fastness profiles, ease of
application, brilliant colors, and minimal energy consumption144. Due to
competition between cellulosate (CellO-) and OH- ions in reactive dye baths,
under typical reactive dyeing condition (pH ? 10, temperature ? 60oC, at 60-
100 g.l-1), 20-50% of the dye remains in the spent dye bath in its unfixed,
hydrolyzed from, which has no affinity for the fabric, resulting in colored
effluent145. Thus the management of spent reactive dye baths is a pressing
environmental problem for the textile industry.
Reactive dyes are the both highly water soluble due to a high degree of
sulfonation and non-degradable under the typical aerobic conditions found in
conventional biological treatment systems146, 147, 103. In contrast to the wealth of
information regarding the transformation of azo compounds, relatively little is
known about the transformation of complex reactive textile azo dyes despite
the fact that their use has increased due to the worldwide increase in cotton
use.
In present study, the decolorization of textiles azo dyes was studied in
presence of various nutrients like organic and inorganic C, N sources and
their different combinations. Influence of various metals on the decolorization
of dyes was also analyzed. Reduction in COD and Rothera’s ring cleavage
reaction was also evaluated.
MATERIALS AND METHODS
Dyes and chemicals
Textile dyes Reactive Violet 5, Kemifix Red F6B, Golden Yellow HR,
Reactive Orange 2R, Fabricorn Green MGX and Black BMG commonly used
in local textile dyeing and processing industries were obtained from
Ankleshwar and Ahmedabad, Gujarat (India). The media components and
chemicals used were purchased from Hi-Media Labs, Bombay (India). All
chemicals used were of analytical grade.
Determination of bacterial growth
(i) Viable count: Standard method was followed to determine viable count at
given intervals of time mentioned in the text.
(ii) Turbidimetric measurement: Biomass separated upon centrifugation
was washed (3×), re-suspended in the same volume of DW and used for the
determination of OD660.
(iii) Biomass (dry weight): 2 ml of the culture was taken in pre-weighed
Eppendorf tubes, centrifuged (10000 rpm, 15 min), washed (3×), supernatant
discarded and the tubes dried to a constant weight before determining
biomass dry weight.
Effects of carbon sources on the decolorization of Reactive Violet 5 by
Pseudomonas aeruginosa CR-25
Mineral Salt Medium (MSM) comprised of (g.l-1): KH2PO4 (2); K2HPO4
(0.8); MgSO4.7H2O (0.1); NaCl (0.1); FeSO4.7H2O (0.02); NH4NO3 (1);
CaCl2.2H2O (0.02); pH of the medium was adjusted to 7 was and sterilized.
Reactive Violet 5 (100 mg.l-1) and the carbon sources (0.25%): Glucose,
galactose, inositol, arabinose, sorbitol, mannitol, fructose, rhamnose,
mannose and xylose were sterilized (10 psi, 10 min) separately and added to
the medium. The medium was inoculated with 1% 18 h old culture containing
ca. 1.161 × 1011 cells.ml-1.
Effects of nitrogen sources on the decolorization of Reactive Violet 5 by
Pseudomonas aeruginosa CR-25
In MSM with glucose, NH4NO3 was replaced by peptone, beef extract,
yeast extract, casein acid hydrolysate, glycine, NH4Cl, (NH4)2SO4, KNO3 or
NaNO3 to evaluate the effects of the nitrogen sources. All other experimental
conditions were as described previously.
Influence of metals on the decolorization of Reactive Violet 5 by
Pseudomonas aeruginosa CR-25
250-ml Erlenmeyer flasks containing 100 ml CMB with Reactive violet 5
(100 mg.l-1) were autoclaved (121oC, 20 min). Appropriate amount of sterile
stock solution of metal was added to get 0.025 and 0.05 mg.ml-1 concentration
in the medium. The complete medium thus contained the metals being tested
instead of MgSO4 (0.02 g.l-1). These flasks were initiated with 1% inoculum
(ca. 1.161×1011 cells.ml-1) and incubated at 37oC. Inoculated and un-
inoculated controls were also included. Samples were harvested at specified
time intervals and analyzed.
The stock solutions of metal salts (BaSO4, FeSO4.7H2O, ZnSO4.7H2O,
C4H6O4Pb.3H2O, MgSO4.7H2O, MnCl2, CuSO4, CoCl2.6H2O, SnCl2.2H2O,
Al2O3P2O3 were filter sterilized separately.
COD removal and decolorization
250-ml Erlenmeyer flasks containing 100 ml CMB with (100 mg.l-1)
Reactive violet 5 and Fabricorn Green MGX were inoculated with 1%
inoculum of Bacillus CR-4, Pseudomonas CR-9 and Pseudomonas aeruginosa CR-
25 (ca. 1.161×1011 cells.ml-1) and incubated at 37oC. Inoculated and
uninoculated controls were also included. Samples were harvested at
specified time intervals and analyzed for decolorization. COD analysis was
carried out as per APHA177.
Rothera?s ring fission reaction
 The ortho- or meta-cleavage of two central intermediates in the
metabolism of aromatic compounds (catechol and protocatechuate) was
tested by the method originally suggested by Hosokawa148.
 Complete medium containing dyes (100 mg.l-1) were inoculated with
1%  (ca. 1.61 × 1011 cells.ml-1), 18 h old cultures. The culture flasks were
incubated at 30oC in static condition. Inoculated and non-inoculated controls
were also included. 10 ml of sample was harvested (10,000 rpm, 10 min, 4oC)
after 72 h from each flask. Supernatant was discarded and the pellet was re-
suspended in phosphate buffer (100 mM, pH 6.8) or DW and tested for the
Rothera reaction.
Meta-cleavage of ring
 The harvested pellets were suspended in 2 ml of Tris-buffer (200 mM,
pH8), 0.2 ml of toluene was added followed by 0.2 ml of catechol or
protocatechuate (1M) and mixed thoroughly. The assay mixture was
confirmed as positive based on formation of yellow color after few minutes,
indicating meta-cleavage activity.
Ortho-cleavage
 1 g of (NH4)2SO4 was added in 2.5 ml of the cell suspension. The
assay mixture was incubated for 1 h at 30oC. After incubation, pH of the
mixture was adjusted to ~10 by adding 0.5 ml ammonia (5 N) and a drop of
1% sodium-nitropruside and shaken. Formation of deep purple color indicates
ortho-cleavage.
RESULTS AND DISCUSSION
Effects of C source
Cell needs some basic requirements like nutrient C, N, S, and P.
Carbon is one of the important sources of nutrients that satisfy the cell’s need
for the synthesis of various structural components of cell and as a source of
energy.
In the present study we report the effects of carbon sources on the
decolorization of textile dye Reactive Violet 5 by P aeruginosa CR-25. The
selected strain CR-25 was able to grow on all tested carbon sources, but its
decolorization activity was observed to be influenced by the type of nutrient C
source (Figure 4.1a).
The decolorization activity obtained after 12 h by the static cultures
growing on galactose, inositol, arabinose, sorbitol, mannitol, fructose,
rhamnose, mannose and xylose as carbon source was in the range of 9-12%
which reached in the range of 21-30% after 24 h except glucose and mannitol.
Static cultures of P. aeruginosa CR-25 growing on glucose, mannitol and
fructose decolorized 100, 92 and 90% of the initially provided dye respectively
within 48 h.  Remaining carbon sources supported decolorization in the range
of 56-72%.
 Effects of N source
The potential of P. aeruginosa CR-25 to decolorize Reactive Violet 5 with
glucose as the source of carbon and different types of nitrogen sources is
shown in Figure 4.1b. Pseudomonas aeruginosa CR-25 growing on these media
decolorized 8-11% dye in the initial 12 h, in the presence of all type of
nitrogen sources while after 24 h, it decolorized 20-28% of the initially
provided dye. Ammonium sulfate was found to be the best nitrogen source
supporting 98% decolorization after 48 h. Next to this, ammonium chloride,
glycine and ammonium nitrate were found to be suitable nitrogen sources
which showed 67, 64 and 60% decolorization respectively. In the presence of
other nitrogen sources tested, decolorization achieved was 28-48%.
Effects of metals
The effects of metals like barium sulphate, ferrous sulphate, zinc
sulphate, lead, magnesium sulphate, manganese chloride, copper sulphate,
cobalt chloride, stannous chloride, aluminium and mercury chloride were
tested on decolorization of Reactive Violet 5 by the static cultures of P.
aeruginosa CR-25. Results showed that at 0.025 g.l-1 concentrations of metals,
the maximum (83%) and minimum (0.2%) decolorization was obtained in the
presence of aluminium and mercury chloride respectively. The decolorization
achieved in presence of other metals was, stannous chloride (76%), lead
(70%), barium sulphate (69%), manganese chloride (66%), magnesium
sulphate (60%) and ferrous sulphate (56%). Cobalt chloride, zinc sulfate and
copper sulphate were found to give 9, 9 and 11% decolorization respectively
(Figure 4.2a).
In the presence of 0.05 g.l-1 metal concentrations, stannous chloride
showed maximum (76%) decolorization. Manganese chloride and barium
sulphate were found to be next best giving 72 and 70% decolorization
respectively. Lead and aluminium were found to give similar decolorization
(65 and 64% respectively).  Ferrous sulphate and magnesium sulphate were
found to give moderate decolorization (40 and 31% respectively). As shown in
Figure 4.2b, cobalt chloride, copper sulfate, zinc sulfate and mercury chloride
were found to give least decolorization (7, 6, 5 and 1% respectively).
Increase in decolorization activity in presence of certain metals perhaps is
indicating involvement of metallo-proteins. In some cases, for e.g. aluminium
and manganese sulfate, as the concentration of metal increases the
decolorization activity decreases. The inhibition of decolorizing activity was
attributed to the inhibition of growth.


Decolorization versus COD removal
The initial COD load of the reaction flasks consisting of 100 mg.l-1
Reactive Violet 5 and Fabricorn Green MGX was 11088 and 11638 ppm
respectively. The decrease in COD when treated with various isolates is
shown in Figure 4.3.
Initially, the COD load of medium consisting Reactive violet 5 was
11088 ppm. When it was treated with Bacillus CR-4, after 12 h of incubation
there was reduction of 1109 ppm with 10% dye decolorization. After 24 h,
COD reduction was 3549 ppm with 32% dye decolorization and it finally
reached to 7873 ppm total reduction in COD with 71% decolorization of
Reactive Violet 5.
In the case of Fabricorn Green MGX consisting medium, initial COD
load was 11638 ppm. When it was treated with Bacillus CR-4, after 12 h of
incubation there was no reduction in COD. After 24 h, 2444 ppm reduction
was found with 21% dye decolorization and finally total 5354-ppm reduction
on COD was achieved with 46% total dye decolorization.
When, medium consisting Reactive Violet 5 and Fabricorn Green MGX
was treated with Pseudomonas CR-9, after 12 h, reduction in COD was 2441
ppm and 815-ppm with 12 and 7% decolorization respectively. After 24 h,
reduction in COD was 4437 ppm and 3259 ppm with 40 and 28%
decolorization respectively. At the end of 48 h, 65% decolorization of Reactive
Violet 5 was achieved with total reduction of 7210 ppm COD while in case of
Fabricorn Green MGX it was 58% decolorization with total 6751-ppm COD
reduction.
 When both the dyes were treated with Pseudomonas aeruginosa CR-25,
the decolorization and the corresponding reduction in COD was maximum.  At
the end of 48 h incubation, 98% decolorization of Reactive Violet 5 was
achieved with total 10867 ppm reduction in COD, while in case of Fabricorn
Green MGX, 9311 ppm COD was reduced with 80% decolorization.

Biodegradation of dye evidenced by Rothera?s ring fission reaction
Rothera’s ring fission reaction was performed in the presence of six
textile dyes (Table 4.1) to test the induction of necessary enzyme system in
the organisms responsible for ring opening. Production of the yellow product
(?-hydroxy muconic semialdehyde) from catechol (meta-ring cleavage) and
production of ?–ketoadipate from catechol (ortho-cleavage) was tested for
detecting meta- or ortho-ring fission pathway149.
Results obtained indicated meta-cleavage for all selected dyes while
none of the dyes showed ortho cleavage reaction positive. Usually bacteria
utilize extradiol (meta) or intra-diol (ortho) ring fission to cleave aromatic
nucleus. Generally, extradiol (meta) ring fission is plasmid encoded150
whereas the intra-diol (ortho) ring fission is chromosomally encoded151.
The assay mixtures of all controls, i.e. cultivation without dye in the
medium, did not show any change in color indicating that the presence of
dye(s) in the medium was required to induce the aromatic ring cleavage
enzyme system.
 Table 4.1 Ring cleavage reaction of various textile dyes by P.  aeruginosa CR-25
Thus, results obtained like decolorization of dyes, reduction in total
COD of dyes and positive Rothera’s reaction strongly indicated mineralization
and assimilation of dyes.
Ring cleavageTextile dyes ortho meta
Reactive Violet 5 - +
Reactive Red H5BL - +
Golden Yellow HR - +
Reactive Orange 2R - +
Fabricorn Green MGX - +
Black BMG - +
CONCLUSION
In these experiments, P. aeruginosa CR-25 successfully decolorized the
Reactive Violet 5 and Fabricorn Green MGX under static culture condition.
1. Analysis of effects of various carbon sources on decolorization showed
that Glucose, Mannitol and fructose were found to be the most suitable C
sources for the decolorization of Reactive Violet 5 by static cultures of P
aeruginosa CR-25.
2. Ammonium sulfate was found to be the most appropriate N source for
decolorization of Reactive Violet 5 compared to other selected N sources.
3. Some metals affect the decolorization activity of CR-25.  Maximum
decolorization was obtained in the presence of aluminium. In presence of
other metals also, considerable decolorization of Reactive Violet 5 was
obtained.
4. Analysis of COD removed during decolorization of Reactive Violet 5 and
Fabricorn Green MGX (100mg.l-1) by static cultures of Bacillus CR-4,
Pseudomonas CR-9 and P. aeruginosa CR-25 showed that the maximum
COD reduction (10867 ppm) was achieved during maximum decolorization
(98%) of Reactive Violet 5, while in case of Fabricorn Green MGX, 9311
ppm reduction in COD was obtained with 80 % decolorization.
5. Decolorized sample of various dyes tested for ring-opening reaction
showed that in all dyes meta- cleavage reaction was positive which
indirectly indicates that dyes are not only decolorized but also degraded.
Our work provides not only evidences of extensive degradation of dyes
but also assimilation and mineralization. There are few reports on the
biological decolorization and degradation of textile and dyestuff industrial
wastes containing azo dyes. All the reports so far available are on a small
scale; no large-scale data on biological decolorization and degradation is
available. Biological treatment is the only way for ultimately controlling
pollution generated by textile and dyestuff industries. However, more research
is needed to develop a viable alternative process for the treatment of dye
wastewaters.
Our isolate P. aeruginosa CR-25 decolorizes Reactive Violet 5 and other
textile dyes optimally under employed nutritional parameters like certain
sources of Carbon and nitrogen. Pseudomonas aeruginosa CR-25 also shows
increase in decolorizing activity in the presence of certain metal. COD
reduction during the decolorization of Reactive Violet 5 and Fabricorn Green
MGX by our isolate P. aeruginosa CR-25 indicated not only decolorization of
these dyes but also degradation and thus assimilation.
Positive Rothera’s reaction in P. aeruginosa CR-25 mediated decolorized
dyes indicated simplification of complex dye structure and hence ultimately
degradation.
Thus, our isolate P. aeruginosa CR-25 has got ability to decolorize,
degrade and assimilate various textile dyes under varied cultivation conditions
which indicates that this organism has the potential to be used for the
treatment of various organopollutants containing effluents.
CHAPTER -5
Treatment of Mixtures of Dyes with Designer
 Bacterial Consortia and Evaluation of
Toxicity on Groundnut
Abstract
Decolorization of textile dyes and dyes mixtures consisting of 12
reactive textile mono-, di- and tri-azo dyes under static conditions was carried
out using a mixed culture of up to six bacterial strains isolated from textile
effluent. Spectrophotometric and thin layer chromatographic analysis was
carried out to test the decolorization of dyes in various combinations by
bacterial consortia.
Phytotoxicity study of dye mixture was conducted using seeds of
ground nut in field conditions. The results obtained revealed that, when dyes
in various combinations were treated with a bacterial consortium consisting of
varied number of bacterial strains, there was noticeable change in time
required for decolorization.
 Seeds irrigated with ‘Static Culture Sample’ (SCS) showed significant
reduction in percent germination. It indicates production of toxic dye
degradation intermediates during decolorization.  On the other hand, seeds
irrigated with ‘Agitated Culture Sample’ (ACS) showed increased germination.
It provides an experimental evidence suggesting degradation of toxic products
generated during dye decolorization by the static cultures.
Key words:    Decolorization, Textile dyes, Phytotoxicity, dyes and dye mixtures, Bacterial
Consortium
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Reactive Azo dyes represent about 20–30% of the total dye market
share46. The usage of reactive dyes is increasing and was estimated to reach
a market share of 50% by the year 2004152. Under typical reactive dyeing
conditions, 20-50% of the dye remains in the spent dyebath in its unfixed,
hydrolyzed form, which has no affinity for the fabric, resulting in colored
effluent145, 41. Thus, the management of spent reactive dyebaths is a pressing
environmental problem for the textile industry.
Decolorization of azo dyes normally begins with initial reduction
cleavage of azo bond anaerobically, which results in colorless but toxic
aromatic amines. This is followed by complete degradation of aromatic
amines strictly under aerobic conditions153. Therefore, anaerobic/aerobic
processes are crucial for complete mineralization of azo dyes141. However, not
all bacteria have both anaerobic and aerobic properties. Usually consortia are
routinely used for the degradation of azo dyes. Decolorization of azo dyes by
bacteria is initiated by azoreductase, which is responsible for the reduction or
cleavage of azo bonds in anaerobic environment113.  Moreover, conventional
aerobic wastewater treatment processes such as activated sludge, cannot
usually efficiently remove the color of azo dyes since these compounds are
often recalcitrant aerobically68. So there is still a need to develop novel
biological processes leading to a more effective cleanup of azo dye
contamination.
Hence, the objective of this study was (i) to assess the potential of the
bacterial consortia to decolorize and degrade six textile dyes in various
mixture conditions and, (ii) to assess phytotoxic effects of simulated textile
effluent treated under two different conditions (Static Culture and Agitated
Culture conditions) on ground nut in field condition.
MATERIALS AND METHODS
Dyes
 Six commercially available textile azo dyes (T1) Reactive violet 5, (T2)
Kemifix Red F6B (T3) Golden Yellow HR, (T4) Reactive Orange 2R, (T5)
Fabricorn Green and (T6) Black BMG and its various combinations were used.
For phytotoxicity study, total 12 dyes, six dyes (T1-T6 as stated before) and
others namely Turquoise Blue, Reactive Supra Blue H3RP, Reactive Red
H8B, Reactive Blue R, Reactive Brown Brx and Reactive Red 6BX (Table
2.1a in chapter 2) were used.
Organisms and their consortia
Six bacterial isolates namely (B1) Pseudomonas aeruginosa CR-25, (B2)
Xanthomonas CR-3, (B3) Bacillus CR-16, (B4) Bacillus CR-8 (B5) Pseudomonas CR-
15 and (B6) Bacillus CR-10 were selected for decolorization. The bacterial
consortia were formulated by mixing 18 h old cultures of the organisms
mentioned above and used in the dye decolorization studies.
Dye decolorization
The experimental set up for the decolorization of individual and mixture
of dyes by individual cultures and the mixed cultures was as described in
Chapter 2. Complete medium spiked with the dye or each of the dyes (100
mg.l-1) was inoculated with 1 ml of 18 h old culture (ca. 1.161 x 1011 cell.ml-1).
The inoculated flasks were incubated at 37oC under static condition.  Samples
were withdrawn at regular intervals as indicated in the legends to respective
figures and centrifuged (10,000 rpm; 15 min). The cell-free supernatant was
analyzed for residual dye content.
Analysis of decolorization
The content of residual dye and percent decolorization was determined
as described in chapter 2. Spectral analysis of the samples was performed
using UV-Vis Spectrophotometer (Shimadzu UV-Vis 1601, Japan). Sample
withdrawn at 0 h was used as control.
Thin Layer Chromatography (TLC)
Commercially available TLC Plates coated with Silica Gel 60F254 on
aluminium foil having dimensions  10 cm x 5 cm x 0.25 mm (Merck K. GaA-
64271, Darmstadt, Germany), were used for thin layer chromatographic
analysis of the dye mixture.  The cell free supernatant obtained from 72 h
treated dye mixtures by a bacterial consortium consisting of B1-B5 members
was extracted with equal volume of ether. The extracts were dried by
evaporating ether at ambient temperature. The dried extracts were dissolved
in 1 ml of methanol and 100 ?l was loaded on the TLC plates. Solvent system
consisting of n-butanol:acetic acid :water (4:2:4) was used.  The TLC plates
were then observed in day light, short wave length UV (254 nm) and long UV
(365 nm).
Phytotoxicity study
Surface soil was collected from an agriculture field and passed through
a 2-mm mesh screen. 5 kg of soil was spread separately over a thick plastic
sheet. Cell free supernatant of treated and various control flasks were then
thoroughly mixed with the soil.
Ten polythene bags for each level of combination were used and each
was filled with 5 kg of soil. 50 bags were filled with soil for five levels of
experimental conditions. Tap water was added to the soil to field capacity and
soils were then allowed to dry for five days. Soils were then racked using
fingers and seeds of ground nut were sown. Ten seeds were sown in each
bag at a depth of 6-12 mm and watered immediately after sowing, and
thereafter watered on alternate days. Growth of plants was evaluated daily for
a period of one month.
Phytotoxicity
The chemical structures of some of the dyes used for phytotoxicity
study are shown in Figure 5.1.
Complete medium having 100 mg.l-1 final concentrations of each dye
(T1-T12) was inoculated with 18 h old mixture of five (B1-B5) bacterial cultures
(ca. 1.161 x 1011 cell.ml-1) and incubated under static condition at 37oC. After
120 h of incubation one set of flasks was harvested and the contents were
centrifuged (10,000 rpm, 4oC, 10 min). Supernatant obtained was labeled as
‘Static Culture Sample’ (SCS). The other set of flasks was incubated further
but under shaking condition. After 72 h of incubation the later flasks were
harvested, contents centrifuged and the supernatant was obtained and
labeled as ‘Agitated Culture Sample’ (ACS). Germination of ground nut
(Arachis hypogaea L.) seeds irrigated by the two supernatants was studied to
evaluate the changes in toxicity of the native and treated dye samples, SCS
and ACS.
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Figure 5.1 Chemical structures of some textile dyes used for phytotoxicity study
Reactive Violet 5
Kemifix Red 6BX
Reactive Brown Brx
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RESULTS AND DISCUSSION
Spectrophotometric analysis
Figure 5.2a shows UV-Visible spectra of decolorization of individual
dyes by bacterial isolates B1 and  B2 and Figure 5.2b shows UV-Visible
spectra of dyes treated with different bacterial consortia.  The peak in the
visible region disappeared gradually with time while new peaks appeared in
the UV region. This hypsochromic shift (long wave-length to short wave-
length) indicates simplification of the native compound (dye) and implicates
that the decolorization of the dye occurs because of the degradation of the
dye.
Pseudomonas aeruginosa CR-25 showed 91, 91, 88, 100, 94 and 95%
decolorization of dyes T1 toT6 respectively.  As the number of dyes in the dye
mixture increases (T1-T2, T1-T3,  T1-T4,  T1-T5 and T1-T6), the decolorization of
the mixture of dyes decreased showing 90, 86, 70, 69 and 55% respectively
(Figure 5.3 B1).
During 72 h, Xanthomonas CR-3 decolorized T1-T6  dyes 67, 84, 63, 47,
94 and 70% respectively, but comparatively less decolorization (60, 78%, 55,
45 and 38% respectively) was observed while dyes were in various mixtures
(T1-T2, T1-T3, T1-T4, T1-T5 and T1-T6) (Figure 5.3 B2).
When the combination of two bacterial isolates, P. aeruginosa CR-25
and Xanthomonas CR-3 was employed, decolorization achieved of T1, T2, T3, T4,
T5 and T6 dyes was 78, 81, 71, 78, 89 and 86% respectively, while less
decolorization of dyes in mixtures (T1-T2, T1-T3,  T1-T4,  T1-T5 and T1-T6)
observed was 78, 82, 60, 58 and 45% respectively (Figure 5.3 B1-B2).
Combination of three bacterial isolates (B1-B3) showed 80, 85, 75, 80,
95 and 88% decolorization of individual dyes while 78, 82, 72, 62, and 54%
decolorization of dyes in mixture was observed respectively (Figure 5.3 B1-
B3). Combination of four isolates (consisting of P. aeruginosa CR-25,
Xanthomonas CR-3, Bacillus CR-16, and Bacillus CR-8) did not show much
variation in decolorization of individual dyes and its mixtures (Figure 5.3 B1-
B4).
 When we added Pseudomonas CR-15 to the B1-B4 consortium, the
decolorization achieved was dramatic. Decolorization of each of the dyes was
98% and decolorization of the dyes in the mixtures T1-T2, T1-T3,  T1-T4,  T1-T5
and T1-T6 was 97, 96, 96, 98, and 92% respectively. The increase in the
decolorization activity is attributed to the presence of the fifth member
(Pseudomonas CR-15) of the consortium (Figure 5.3 B1-B5).
When we used consortium (B1-B5) with one more isolate (Bacillus CR-
10), it did not show noticeable change in decolorization of dyes when provided
individually or as mixture (Figure 5.3 B1-B6)
Our data imply that increase in the decolorization is due to the
combined activities of bacterial isolates present in the consortium. All the
members are involved in the decolorization but when present as a consortium
the decolorization is more extensive as evidenced from the decrease in
absorbance in the UV range suggesting further degradation of the products
formed upon decolorization of the dyes. There are instances when the dye
decolorization is inhibited at certain stage due to the accumulation of products
formed upon decolorization. Such results were observed with the bacterial
consortia T1-T2, T1-T3,  T1-T4.  It can be attributed to the different mechanisms
used by the members of consortium leading to the formation of products
which stop favoring decolorization. This effect becomes nullified if there is the
presence of a bacterial strain which prevents accumulation of such
degradation products and thereby helps the consortium to carry out extensive
degradation. We construe from our experimental data that P. aeruginosa CR-15
in the consortium (T1-T5) plays a similar role improving dramatically the
decolorization and degradation of the dyes.
Thin Layer Chromatography
Result obtained (Plate 5.1) shows well separated spots of all 12 dyes
(M) used in the untreated simulated effluent while after treatment (T) complete
disappearance of dye spots was found. Any new spot was not seen in treated
samples.  This indicates decolorization and complete degradation of all textile
dyes present in the simulated textile effluent.
Phytotoxicity study
Figure 5.4 shows the effects of a dye mixture on the germination of
ground nut seeds. Plate 5.2 shows further development of ground nut plants
in the field condition. The germination of seeds in water control, medium
control, Dye control and Medium+Organism was 98, 90, 55 and 78%
respectively. Germination of seeds irrigated with the static culture samples
was 20%. The reduction in germination indicates production of toxic
intermediates upon degradation of dye. Oxidative cleavage of azo bond is
thermodynamically quite difficult but is amenable to the reductive enzymes
under conditions of low oxygen tension and invariably leads to the production
of aromatic amines.  Aromatic amines, known to be carcinogenic and
mutagenic compounds90 inhibit seed germination and have been reported to
be produced upon bacterial degradation of azo dyes. The azo dyes used
extensively in textile, printing, leather, paper making, drug and food industries,
are metabolized to aromatic amines following oral exposure has been
speculated68. It is therefore very likely that such degradation products were
produced during decolorization of azo dyes by the static cultures of 5 member
bacterial consortium. Such toxic amines interfere with the biochemical
process of germination.
Germination of seeds irrigated with ACS (SCS treated under agitated
condition) was 60% which is three-fold higher than the seeds irrigated with
SCS that was not treated further. It provides strong evidence of the
degradation of toxic intermediates of azo dye degradation produced by the
static cultures, under shake flask (agitated) culture condition.  Aromatic
amines are known to resist degradation under limiting oxygen conditions but
are degraded rapidly under aerobic conditions. Our results imply that the
aromatic amines produced by the bacterial consortium under static condition
were degraded under agitated aerobic condition.  Our findings suggest that
instead of using one stage process for the bacterial decolorization of azo
dyes, a two stage process involving static and agitated conditions provide a
means for the extensive decolorization of such dye containing effluents.
Similar study was conducted by Ren and his co-workes154 who
demonstrated the toxicity of polycyclic aromatic hydrocarbons to the
duckweed Lemna gibba L. and Brassica napus L. seeds. Similar results were
reported by Kaul94 using several phenolic compounds. Low concentration of
dye is less toxic to seed germination as compared to the higher
concentrations. This is in agreement with the pervious work by Kosinkiewicz97
who reported that most dyes containing phenol ring were phytotoxic. The toxic
effect of dyes reported in this study suggests the need for appropriate
bioremediation process for the treatment of textile dyes in the industry
effluents before discharging it into the environment.
A study of plant seed germination/root elongation and plant
genotoxicity bioassays was conducted to evaluate the remediation of some of
the contaminated soil91. The same test was employed by many other
researchers to assess the phytotoxicity of different chemicals92, 93, 94, 95, 96, 97.
It has been found that different species do not respond similarly to toxic
chemicals155. A study was performed to teste four higher plants species as
oat, cress, turnip and brush bean with different soils to assess soil-based
continuous seed germination156. A study with soils polluted with PAHs
demonstrated inhibition of the germination of plant species157.




CONCLUSION
The universal approach of bioremediation is to improve the natural
degradation capacity of the native organisms. But azo dyes are xenobiotics
and its degradation in nature is rather difficult.
Moreover the anaerobic degradation of azo dyes produces aromatic
amines, which are carcinogenic and mutagenic90. Hence the aerobic
treatment is the only safe method for the biodegradation of textile azo dyes.
Microbial species of bacteria, actinomycetes, fungi and algae are capable of
removing azo dyes via biotransformation, biodegradation or liberalization131,
158, 159 and the effectiveness of microbial treatment depends on the survival,
adaptability and activity of the selected organism160.
Environmental biotechnology relies on the pollutant degrading
capabilities of naturally occurring microbial consortia in which bacteria play
central role161.  Under aerobic conditions, the azo dyes are non-degradable by
most of the bacteria. A few studies have been conducted to identify bacterial
species that are capable of aerobically degrading azo dyes. Certain bacteria
like Bacillus stearothermophilus are able to produce microperoxidases. A
degradative pathway has been elucidated for sulfonated azo dyes using
Pseudomonas strain162, Flavibacterium also produces peroxidase, which can
degrade azo dyes aerobically163. Microbial consortia are used as black boxes
without analyzing the constituent microbial populations for environmental
remediation. The complexity of microbial consortium enables them to act on a
variety of pollutants164.  Such difficulties can be solved by designing
appropriate mixture of bacteria and manipulating the environmental
conditions. Employing dual stage treatment along with designer consortia we
were successful in not only decolorization of the dyes but extensive
degradation of the dyes at the same time decreasing the ecotoxicity of the
decolorized dye products.
CHAPTER -6
Biodegradation of a Textile Dye Kemifix Red F6B by
Pseudomonas aeruginosa CR-25 and
 Evaluation of Phytotoxicity
Abstract
Biodegradation of Kemifix Red F6B- a mono azo, poly-aromatic (6
rings) dye by P. aeruginosa CR-25 was investigated. Pseudomonas aeruginosa
CR-25 grows and decolorizes F6B even at 1000 mg.l-1 initial concentration of
the dye. This concentration of the dye was inhibitory for the growth of other
dye decolorizing bacterial isolates. The organism also needs glucose as co-
metabolite. The decolorization of the dyes varies in the presence of various
carbon and nitrogen sources. Decolorization of F6B initiates when the growth
of the organism is slowing down i.e. during the late exponential growth phase.
Pseudomonas aeruginosa CR-25 decolorizes 88 and 98% dye after 24 and 120 h
respectively. Static cultures decolorize dye more than the shake flask
cultures.
The two aromatic amines namely benzidine and 4-chloro aniline
tentatively identified as the degradation products of F6B on the basis of
comparison of the retention times with the standard compounds. These
amines that accumulate during decolorization of F6B by CR-25 under static
condition are degraded further by the shake flask cultures of CR-25.
The phytotoxicity of the native and decolorized sample was determined
by testing the germination of seeds. The native dye does not have any effect
on the germination of seeds. Decolorization of the dye by the static cultures
decreased the germination of the seeds. The germination of seeds once again
restored when these static cultures were further incubated under shaking
condition.
Key words:      Decolorization, Pseudomonas aeruginosa CR-25, Aromatic amines, HPLC
Germination, Biodegradation
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INTRODUCTION
Dye synthesizing industries are found in most countries due to the
widespread uses and their numbers are increasing continuously. As reported
by Zollinger2, the annual world production of textile dyes was about 30 million
tones. Wastewaters from these industries and dyeing and printing units
invariably results in the pollution of aquatic systems7.
Dyes includes broad spectrum of different chemicals structures,
primarily based on substituted aromatic and heterocyclic groups, such as
aromatic amines (C6H5-NH2) which is a suspected carcinogen, phenyl (C6H5-
CH2), and naphthyl (NO2-OH). The sulphonic acid groups that are introduced
to increase the water solubility of the dye and the azo group (chromophoric
group) confer resistance to microbial attack, making them recalcitrant162, 165.
Azo dyes, aromatic moieties linked together by azo (-N=N-)
chromophore, represent the largest and most versatile class of synthetic dyes,
have wide range of applications in the textile, leather, paper, food,
pharmaceutical and cosmetic industries world wide165, 166. The release of
these compounds into the environment is undesirable, not only because of
their color, but also because many azo dyes (made from diazo-benzidines
and benzidine) are toxic and their breakdown products (aromatic amines) are
more toxic and/or mutagenic to life especially for the occupational health of
workers and to many plants. Many of these aromatic amines are mutagenic
as indicated by AMES Salmonella/microsomal assay system. A study has
been reported on plant seed germination and plant genotoxicity bioassays to
evaluate the remediation of some of the contaminated soils167.
To remove azo dyes from wastewater, a biological treatment strategy
based on anaerobic reduction of the azo dyes, followed by aerobic
transformation of the formed aromatic amines into non toxic, simple
compounds is of great importance. It has been reported that complete
mineralization of dyes is possible only if anaerobic reduction is followed by
aerobic oxidation of the amines formed in the reductive steps141. Under
anaerobic conditions, a number of bacteria are known to catalyze the
reductive cleavage of the azo bond, which leads to the formation of aromatic
amines. These amines are well known for their mutagenic and carcinogenic
potential167. Certain azo dyes, which are known to form carcinogenic amines
on reductive cleavage of the azo bonds, have already been banned168. While
anaerobic decolorization of azo dyes is well documented, less information is
available on the aerobic degradation of azo dyes169.
In the present study, decolorization and degradation of a textile dye
Kemifix Red F6B and two aromatic amines and its effects on seed
germination was carried out.
MATERIALS AND METHODS
Microorganisms
Pseudomonas aeruginosa CR-25, Bacillus  CR-4, Sporolactobacillus CR-5,
and Enterobacter CR-12 were isolated from CETP (Common Effluent
Treatment Plant)  at country site of Jetpur, a famous city for textile dyeing and
printing industries in district Rajkot of Gujarat state) established for the
treatment of effluents of various textile industries consisting of mixture of
different textile dyes.
Culture maintenance
Organisms used for this study were preserved using glycerol culture.
400 µl of 12 hours old cells (having optical density of 1.0 at 600 nm) were
suspended in culture vials consisting of 600 µl (40%) glycerol and stored at -
20°C.  The organisms from stock cultures were used for biodegradation
studies after pre-culturing in nutrient broth.
Chemicals
All the chemicals used were of analytical grade and media from Hi-
Media, India. The dyes were procured from various dye-manufacturing units
of Ankleshwar and also from wholesaler from Jetpur and Ahmedabad
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Figure 6.1 Structure of the dye Kemifix Red F6B
Culture media
The mineral salt medium (MSM) used in the degradation study
containing (g.l-l): K2HPO4, 2.0; KH2PO4, 1.0; MgSO4 7H2O, 0.50; NaCl, 0.80;
FeSO4 7H2O, 0.02; NH4Cl, 1.0; CaCl2 2H2O, 0.03; glucose, 3.0. The pH of the
medium was adjusted to 7. The medium devoid of glucose was sterilized
(121oC, 20 min). Glucose was sterilized (10 lbs, 10 min) separately and added
to the medium later on.
To study the effects of nitrogen source, NH4Cl in the medium was
replaced with organic nitrogen sources such as peptone, tryptone, yeast
extract, beef extract and Casein hydrolysate and inorganic nitrogen sources
such as (NH4)2SO4, NaNO3 and KNO3. The effect of carbon source was
studied by replacing glucose with galactose, inositol, arabinose, sorbitol,
mannitol, fructose, rhamnose, mannose and xylose.
Stock solution 1% of dye was prepared in double distilled water,
sterilized at 121oC for 15 min and added aseptically to the MSM to get the
desired concentration. Erlenmeyer flasks (250 ml) containing 100 ml MSM
were used for decolorization studies. The medium was inoculated with
ca.1.161 x 1011 cells.ml-1 cells and incubated at 37oC under static condition.
Samples were harvested at regular time interval as indicated at appropriate
places in the text and respective graphs. The samples were analyzed for
residual Kemifix Red F6B, bacterial growth (estimating total protein), residual
glucose and degradation products as discussed elsewhere.
Decolorization studies
Analysis of decolorized dye was carried out by centrifuging the sample
(10,000 rpm, 15 min) to obtain cell-free supernatant and analyzed
spectrophotometrically at the respective ?max of the dye. The percent
decolorization of all dyes was calculated using following formula.
Decolorization activity (%) = [(AC – AI)/ AC] x 100
Where, AC, Absorbance of control (un-inoculated medium)
  AI, Absorbance of inoculated medium
Estimation of bacterial growth
A change in intracellular protein content was correlated to determine
bacterial growth. Decolorized samples were centrifuged at 10,000 rpm for 15
min to separate biomass. This biomass was boiled in 1 M NaOH for 25 min
and the protein content was estimated according to Bradford133.
Estimation of glucose
Glucose was estimated by the phenol–sulphuric acid method170. All the
experiments were carried out in triplicate and the data presented here are the
average of three.
Analysis of the degradation products by HPLC
The decolorized culture medium was centrifuged (12,000 rpm, 15 min)
and the supernatant was collected and extracted with diethyl ether (liquid-
liquid extraction). The extract was allowed to evaporate till dryness and re-
dissolved in methanol. The methanol-solubilized sample was filtered through
0.20 µm filter and then analyzed using Agilent 1100 HPLC having DAD (Diode
Array Detector) detector. Column: Zorbax Eclipse-XLB. Mobile phase
consisted of A: Methanol, B: (0.5758 monosodium di-hydrogen phosphate +
0.78 di-sodium hydrogen phosphate) in 1000 ml of distilled water (HPLC
grade). Methanol in the gradient was 15% at time 0 that increased to 80%
after 45 min.
The decolorized dye F6B was treated further under shake flask
condition (100 rpm, room temperature) for 24 h. Cell-free supernatant was
obtained by centrifugation (12,000 rpm, 15 min) and extracted as described
previously. Methanol solubilized extracts were subjected to HPLC analysis.
Germination assay
The experiment was conducted in two parts parallel. In the first part,
Kemifix Red F6B with 400 mg.l-1 concentrations was decolorized under static
condition by P. aeruginosa CR-25 and cell-free supernatant obtained by
centrifugation (10000 rpm, 15 min) was labeled as “static culture sample”
(SCS). As an extension of the experiment, the static cultures were incubated
further but under shaking condition (100 rpm, 24 h, 37oC). Supernatant thus
obtained was labeled “agitated culture sample” (ACS).  “Dye control” was
prepared using the same concentration of Kemifix Red F6B and for “Water
control” the tap water was used. “Medium control” was prepared dissolving
the components of medium except dye F6B.
Seed germination
The seeds were germinated in sterile 15 cm Petri dishes layered with
sterile filter paper. Seeds were surface sterilized with HgCl2 according to
Somasegaran & Hoben171 before transferring to the Petri dishes (10 seeds per
plate). Seeds of wheat (Triticum vulgare Vill), mung (Phaseolus mungo auct. Non
Linn.), gram (Cicer arietinum Linn.) and Groundnut (Arachis hypogaea Linn.)
were irrigated with different samples prepared as above. Every other day, 5
ml of the samples (from all four samples prepared previously) was applied to
the surface of the filter paper. Each treatment was replicated three times in
complete randomized distribution. Seeds germinated in water irrigated Petri
dishes were used as a control.  All dishes were kept at room temperature for
five days. Germination of seeds was recorded daily. Seeds were considered
germinated when the radical and hypocotyls appeared together.
RESULTS AND DISCUSSION
The bacterial strains used in the study grew and degraded Kemifix Red
F6B at various initial concentrations of the dye. P. aeruginosa CR-25 was the
only test organism that tolerated 1000 mg.l-1 of F6B. Due to outstanding
tolerance of high dye concentration and fast rate of its degradation this strain
of P. aeruginosa CR-25 was selected for further studies.
Effects of carbon and nitrogen source on decolorization of F6B
Pseudomonas aeruginosa CR-25 does not use dyes as the sole source of
carbon and energy. The test organisms decolorize dyes only when they are
growing on metabolizable carbon source. Dye decolorization was studied in
the presence of different carbon sources (Table 6.1). Glucose as a source of
carbon supported maximum 90% (9 mg.l-1) decolorization followed by
fructose, manitol, galactose and Sorbitol in the range of 70–50%, Inositol,
rhamnose, arabinose, and mannose in the range of 50–30%, while in the
presence of xylose (26%) minimum decolorization was achieved.
Similar work of Nachiyar and Rajkumar172 who reported the
degradation of Navitan Fast Blue S5R by Pseudomonas aeruginosa supports
this finding.  Kulla173 reported the co-metabolism of sulphonated orange I by
Pseudomonas sp., where the organism was not able to utilize the sulphonated
dye as the sole substrate. There are also reports of decolorization of textile
dyes Orange II, AO8 and AR88 by Sphingomonas sp. Strain 1CX was possible
only in the presence of carbohydrate174.
Effects of nitrogen source
The results on the effect of various inorganic and organic nitrogen
sources on dye decolorization of F6B (Table 6.2) demonstrate that among the
inorganic nitrogen sources ammonium salts were the best nitrogen sources
for dye decolorization. When ammonium salts were used as the nitrogen
source, the organisms decolorized 87% (of 100 mg.l-1) dye. Pseudomonas
aeruginosa CR-25 decolorized 33%, 29% and 15% respectively in the presence
of potassium nitrate, sodium nitrate and casein hydrolysate showing that they
are not as effective as nitrogen sources. The minimum concentration of
ammonium salts required by P. aeruginosa CR-25 for decolorization of F6B was
found to be 0.1%. Coughlin and his co-workers174 also reported related
findings of ammonium salts supporting decolorization of Orange II, AO8 and
AR88 by Sphingomonas sp. Strain 1CX.
Among organic nitrogen sources, peptone gives maximum
decolorization (95% of 100 mg.l-1) with 702 mg of protein l-1 followed by
tryptone (89%), yeast extract (88%), beef extract (79%) and casein
hydrolysate (15%). Pseudomonas aeruginosa RK-1 within 48 hrs decolorized
nearly 90% of the initially provided Reactive Red H5BL in the presence of
peptone or yeast extract24.
Kinetics of decolorization, growth, and glucose consumption
Figure 6.2a show percent decolorization of F6B with change in
biomass and utilization of glucose, while Figure 6.2b show kinetics or rate of
decolorization of F6B. During initial 24 h, 82% decolorization is obtained with
increase in biomass (total protein 333 mg/ml), which result in utilization of 33
g/100 ml glucose. After 48 h, 92% total decolorization was obtained along with
total biomass (total protein 660 mg/ml). The total glucose utilization was 45
g/100. If we compare this fact with rate of decolorization of F6B, the maximum
decolorization (75 mg/g glucose utilized/h) is obtained between 36-42 h with
the production of 1.44 g protein/g glucose utilized/h. Initially, up to 18 h
noticeable decolorization is not obtained but after that the rate of
decolorization increased, which reached maximum at 42 h before decreasing.
Effect of dye concentrations
The time course of decolorization of Kemifix Red F6B by P. aeruginosa
CR-25 at different concentrations up to 1200 mg.l-1 was studied in mineral salt
medium with 0.6% glucose and 0.1% NH4Cl. Pseudomonas aeruginosa CR-25
decolorized the dye up to concentrations of 1000 mg.l-1 of dye, but above this
level the dye was toxic to the bacterium. During initial 24 h, at 100 mg.l-1 dye
concentration, the decolorization obtained was 88% (8.8 mg), it reached to
nearly 90% by 48 h. By 72 h almost 98% dye disappeared. As the
concentration of dye was increased i.e. 200, 400, 600, 800 and 1000 mg.l-1,
the decolorization decreased 86, 77, 72, 68 and 66% respectively.  As the
concentration of dye increases, the percent decolorization decreases (Figure
6.3a). Beyond 1000 mg.l-1, i.e. at 1200 mg.l-1, the decolorization is inhibited
completely.
The similar pattern of decolorization is obtained in case of other three
isolates, Bacillus CR-4, Sporolactobacillus CR-5, and Enterobacter CR-12. In
case of Bacillus CR-4., the decolorization is obtained up to 600 mg.l-1, beyond
this concentration, the decolorization activity was inhibited (Figure 6.3b).
Sporolactobacillus CR-5 does not show decolorization at 600 mg.l-1
concentrations (Figure 6.3c), while Enterobacter CR-12 Shows decolorization
up to 800 mg.l-1 (Figure 6.3d).
Effect of static and shaking conditions on decolorization
The effects of static and shaking environment on decolorization of F6B
and other textile dyes (Table 6.3) were tested by incubating the cultures,
containing dyes (100 mg.l-1) individually. The process of decolorization was
monitored for 48 h under shaken and static conditions taking samples at an
intervals of 12 h. 91% decolorization of F6B was achieved with 0.660 mg/ml of
biomass in form of protein under static condition but under shake flask
condition, only 32% decolorization was obtained with 0.480 mg.ml-1 of
biomass in form of protein (Figure 6.4a and 6.4b). Similar results were found
in other textile dyes. In case of other dyes like Reactive Red H5BL (91%),
Purple H3R (89%), Reactive Violet Brown HGRL (88%), Reactive Red H8B
(87%), Reactive Violet H5RL (82%), Reactive Violet M5B (76 %), Acid Red-
249 (59%), Reactive Violet, Navy Blue H2GL (58%) and Reactive Blue-81
(38%) decolorization was achieved under static condition while under shake
flask condition almost half decolorization was achieved. This indicates the
decolorization process by P. aeruginosa CR-25 is inhibited in the presence of
oxygen.
During static condition, the bacteria form a while colored biofilms,
which expands and covers the surface of the liquid medium at the air liquid
interface. Many times it rises on the walls of the flask. This film may serve as
a barrier for the oxygen and useful for bacteria to maintain anaerobic
condition under which decolorization takes place.
HPLC analysis of breakdown products
HPLC analysis revealed the presence of two amines namely benzidine
(retention time 16.218) and 4-chloroaniline (retention time 21.722) as
impurities in Kemifix Red F6B.
The decolorized dye sample, which contained benzidine and 4-
chloroaniline as impurities, was treated further under shake flask conditions
for 24 h and again HPLC analysis of the sample was performed. The results
obtained showed the reduction in the peak area of benzidine and 4-
chloroaniline after shake flask treatment compared to the peak area of
benzidine and 4-chloroaniline obtained from decolorization under static
condition. The reduction in peak area indicates the degradation of benzidine
and 4-chloroaniline (Figure 6.5a, 6.5b).
Seed germination test
Germination of seeds in the presence of treated and untreated dye
containing medium was carried out to evaluate the changes in toxicity that
occur during the decolorization of the dye by CR-1 was tested. Ground nut
(Arachis hypogia), Gram (Cicer arientum),  Wheat (Triticum vulgare) and Mung
(Phaseolus mungo) were selected for the ecotoxicological studies which are
commonly cultivated in Jetpur and surrounding areas where textile dyeing and
printing industries are located. Wheat covers approximately 40% land
cultivated in winter and Groundnuts covers approximately 60 % of the total
cultivated land in monsoon. Mung is commonly cultivated legume during
monsoon. Experimental data of such tests become more important
considering the fact that farmers in the region use partially treated and/or
untreated textile waters for the irrigation purpose directly in the farm.
Seed germination
The effects of F6B treated under various conditions on germination of
seeds of routinely grown four case crops namely wheat (Triticum vulgare),
mung (Phaseolus mungo), Gram (Cicer arientum) and Ground nut (Arachese
hyposia) was evaluated. Figure 6.6a, 6.6b, 6.6c and 6.6d. A significant
difference was observed during germination of seeds. Seeds of wheat
irrigated using decolorized dye under “Static culture” do not germinate more
than 13%, while dye control irrigated seeds showed 86% germination. In case
of mung, 30% germination is obtained under the application of “Static culture”
which is very less compared to 80% germination under “dye control”
treatment. Irrigation with “medium control” and “water control” showed almost
90-100% germination in both seeds.
There are also reported bio-toxicity effects of some of textile dyes
germination and early seedling growth of four plants: clover, wheat, lettuce
and tomato98. The related similar study using PAHs has also been reported154.
The study demonstrated the toxicity of polycyclic aromatic hydrocarbons
(PAHs), anthracene, benzo[a]pyrene, and fluoranthrene to the duckweed
Lemna gibba L. and Brassica napus L. (oil seed rape) seeds.
The analysis of the results of this studies suggest that while the
exposure of seeds to un-treated dye it was less toxic to seed germination as
compared to the decolorized dye sample. Germination of seeds irrigated with
decolorized (under static condition) samples is inhibited due to toxic effects of
aromatic amines benzidine and 4-chloroaniline (accumulated as degradative
products of decolorization of F6B, which were inhibitory for germination. This
is in agreement with the postulation of Brown & DeVito89 that azo dyes may be
toxic only after reduction and cleavage of the azo linkage, producing aromatic
amines.



Plate 6.1 and 6.2 shows germination of seeds of wheat and mung.
Seeds irrigated with “Shake culture” (samples obtained after treatment under
shake flask condition) show significantly increased germination. In case of
wheat, it increases from 13% to 77% and mung, 30% to 87%. This increased
germination is due to disappearance of aromatic amines (benzidine and 4-
chloro aniline) after the shake flask treatment of decolorized sample. The
similar study of degradation of aromatic amines under aerobic condition was
also reported175, 54.

CONCLUSION
1. Study of effects of dye concentration showed that, P. aeruginosa CR-25
decolorized  up to 1000 mg.l-1 Kemifix Red F6B, beyond this the
decolorization was inhibited.
2. Among various carbon and nitrogen sources tested, glucose was found to
the maximum decolorization (90%) while (NH4)2SO4 showed the maximum
decolorized (87%) during 48 h.
3. Kinetics study of decolorization, growth and glucose consumption showed
that the maximum decolorization (75 mg/g glucose utilized/h) was obtained
between 36-42 h with the production of 1.44 g protein/g glucose utilized/h.
4. Decolorization of Kemifix Red F6B by P. aeruginosa CR-25 under static
culture condition was more compared to shake flask conditions.
5. HPLC analysis of Kemifix Red F6B revealed the presence of two amines
namely benzidine and 4-chloroaniline as impurities. Treatment of Kemifix
Red F6B under static culture conditions showed the reduction in peak area
indicates the disappearance of benzidine and 4-chloroaniline.
6. Seed germination test showed that seeds irrigated with samples
decolorized (under static condition) is inhibited while, seeds irrigated with
“Shake culture” (samples obtained after treatment under shake flask
condition) show significantly increased germination.
CONCLUSION
7
Summary and Concluding Remarks
Accumulation of dyestuff and dye wastewaters creates not only
environmental pollution but also medical and aesthetic problems associated
with agriculture, human health and society and thus, bioremediation of sites
contaminated with these pollutants is of prime importance.
The microbial treatment process is simple, fast and economical for the
decolorization of dyes and has potential applications for the biotreatment of
coloured effluents from textile and dyes industries. Pilot or large scale
simulations are required to investigate the ability to establish a continuous
process for effluent treatment (decolorization and COD reductions) using our
microbial culture.
Biodegradation of toxic compounds includes a variety of metabolisms,
such as mineralization, hydrolysis and co-metabolism. Co-metabolism is one
of the most important types of metabolisms, although a few have been
reported so far on the process of its importance in biodegradation. Various
organisms exist in nature; further concentration of toxic compounds in the
environment is low, some times in a trace level, which cannot cause the
collective pressure. According to these conditions, 10% of microorganisms of
the degrading microbial group can mineralize the chemicals completely.
Moreover, microorganisms that utilize the mechanism of co-metabolic
degradation would take a larger percentage in the bioremediation of toxic
chemicals.
This study describes isolation of microorganisms efficient in the
decolorization of textile dyes from the wastes of textile industries and the
surrounding environment. It was expected that the heavily polluted sites near
textile industries consists microorganisms capable to co-exist with such high
levels of pollutants. These microorganisms adapt to the new environment and
are potential candidates to contribute in modifying the environment through
their growth, and function.
Bacterial isolates obtained from textile wastewaters are able to
completely decolorization and degrade a wide variety of dyes. Few species
rapidly decolorized the dyes. These bacterial isolates are capable of fast
growth and efficient decolorization (40-100% of many dyes) under static
culture conditions during 24-48 h.
Twenty five bacterial isolates were obtained, identified tentatively and
characterized on the basis of various morphological, cultural and biochemical
properties.  All the isolates tested for their dye decolorization potential
decolorized dyes to varying degrees. Few of them were highly potential and
among these isolates, Pseudomonas aeruginosa CR-25 possesses maximum
decolorizing activity against textile and laboratory dyes under static culture
conditions.
The effluent from dyestuff and textile industries contains many other
compounds having high pH and salinity. Wide ranges of pH, salt
concentrations and chemical structures often add to the complication. Among
the most economically viable choices available for effluent
treatment/decolorization, and the most practical in terms of manpower
requirements and running expenses to adopt and develop, appear to be the
biological systems.
At present biological systems are known to be capable of dealing with
BOD and COD reduction or removal through conventional aerobic
biodegradation. They have, however, an inherent problem in their inability to
remove colour. Although decolorization is a challenging process to both the
textile industry and the wastewater-treatment facilities that must treat them,
the literature suggests a great potential for microbial decolorizing systems for
achieving total colour removal and (occasionally) with only hours of exposure.
Such biological processes could be adopted as a pre-treatment decolorization
step, combined with the conventional treatment system (e.g. activated sludge)
to reduce the BOD and COD, as an effective alternative for use by the textile-
dyeing industries.
The sequential static and shaking process achieved complete
decolorization and largely led to the removal of COD loads of synthetic dye
wastewater. The effects of oxygen, pH, temperature, and dye concentration
on the decolorization of dye were investigated
The ability of the specific substrate, organic and inorganic, to stimulate
decolorization under static culture condition by several bacteria isolates was
tested. The presence of glucose and (NH4)2SO4 was beneficial to enhance
decolorization under static culture condition. Al2O3P2O3, SnCl2.2H2O, BaSO4
and C4H6Pb.3H2O were found to accelerate the decolorizing activity. Bacterial
decolorization of dyes occurred simultaneously with the reduction in COD.
Positive (meta) ring cleavage reaction indicated opening of the aromatic ring
of the dye provided evidences of the simplification of complex structure as a
result of degradation of dyes.
The influence of cultural and environmental parameters like age and
size of inocula, temperature, pH and Tween-80 on the decolorization of dyes
by the static culture was investigated. 1% inoculum size of the 18 h old culture
(ca 1.161 x 1011 cells.ml-1) at 37oC and pH of 7 and 8 was found to give
maximum decolorization. There was no significant increase in the
decolorization in the presence of various concentrations of Tween-80.
Though biological means of dye degradation and its removal from the
effluents hold promises for meaningful addressing the problem, the method
relies on success of finding out a suitable organism and designing of condition
for the process. At the same time, biological means of dye degradation alone
cannot tackle the problem successfully. Therefore, along with biological
processes, other pre and post treatment methods are required. Biological
treatment methods, on the other hand, provide efficient and low cost means of
textile wastewater treatment. Conventional aerobic treatment systems are not
efficient. Decolorization of dyes using pure (algal, fungal, and bacterial)
cultures is impractical as most of the isolated cultures are dye specific.
However, decolorization of dyes and/or treatment of textile wastewaters under
strict anaerobic conditions are well documented.
Application of consortium for the treatment of textile dyes and effluents
is a novel, recent, near to natural and one of the potential methods for the
bioremediation of sites contaminated with several organopollutants. In our
study we use several bacterial consortia consisting different numbers of
bacterial strains like B1-B3,  B1-B4 B1-B5 and B1-B6 for the decolorization of
various textile dyes individually and in various mixtures like T1, T1-T2, T1-T3 T1-
T4 T1-T5 and T1-T6. A bacterial consortium consisting five member (B1-B5) was
found to be the most efficient to decolorize mixture of six dyes (T1-T6).
 In phytotoxicity study, a mixture of twelve textile dyes was
treated under static and sequential static and agitated conditions by P.
aeruginosa CR-25. We found that Pseudomonas aeruginosa CR-25, was able to
decolorize as well as degrade all dyes in the mixture and removes the toxicity
of these dyes. Thus, our isolate P. aeruginosa CR-25 can be apply to treat an
effluent which consist a few to many dyes under all three, aerobic, anaerobic
and sequential aerobic-anaerobic conditions. Results of phytotoxicity indicate
that the germination of seeds of various crops is a proper indicator of the
toxicity of the untreated textile effluents.
A crucial feature in designing such system is optimization of operating
conditions (such as UV and oxidant dosages), to yield maximum removal at
acceptable costs. On the other hand, to-date, dye degradation and removal of
dye waste from the environment are somewhat at an immature stage from the
microbiological point of view and a better understanding of the processes is
required to apply a suitable combination of aerobic, anaerobic, pure culture
and mixed culture methodologies for effective treatment of dye waste.
Processes of mineralization of dye wastes also have to be integrated with the
biodegradation so that the products originate from the biodegradation
processes do not contaminate the environment further.
According to the concept of combined treatment, azo dyes should be
removed from the water phase by anaerobic reduction (static culture
condition) followed by aerobic oxidation (shaking culture condition) of the dyes
constituent aromatic amines. The static-shaking culture treatment studies
showed that high extent of colour removal can be obtained and several
studies further more provide evidence of removal of aromatic amines.
Combined static-shaking treatment therefore holds promise as a method to
completely remove azo dyes from wastewater. However, the results of the
process reveal some possible limitation, both with respect to azo dyes
reduction and the fate of aromatic amines. Our isolate P. aeruginosa CR-25,
showed degradation of aromatic amines which was evidenced by reduction in
height and size of the peak during HPLC analysis.
The limitation with respect to applying combined static-shaking
treatment for the removal of azo dyes from wastewaters concerns the lack of
knowledge on the aerobic fate of the aromatic amines i.e. the extent to which
aromatic amines will undergo biological or chemical transformation or remain
unattached in the water phase, the competition between biodegradation and
auto oxidation and the properties of recalcitrant dye residues.
Our results indicate that the P. aeruginosa CR-25 could effectively be
used as an alternative to physical and chemical treatment processes that
used for textile effluent treatment. Finally, the requirement of glucose addition
as the external carbon source to the textile wastewater with a concentration of
2.5 g.l-1might be a concern in terms of the practical applicability of anaerobic
treatment. However, it should be kept in mind that anaerobic treatment
compared to physico-chemical treatment methods still offers a viable option in
terms of cost. Several member bacterial consortia were found to effective in
the decolorization of mixture of dyes which mimic the process under near
natural conditions. To our knowledge this is the first of its kind of study so far
demonstrating such broad azo dye degradation under static and shaking
culture conditions.
Azo dyes with different chemical structures can be effectively
decomposed under anaerobic conditions by P.  aeruginosa CR-25 isolated from
the textile effluents. The decolorization rate, however, depends on
environmental conditions such as pH, temperature and nutrients.  The strains
can effectively cleave the azo bonds regardless of the dye structures, but may
decompose non-azo dyes by attacking the whole organic dye molecules
giving different extent of colour removal.
The experiment demonstrated that, in the anaerobic pre-treatment, the
sulfonated azo dyes with a highly electrophilic character could be reduced and
the reduction products were acceptable for aerobic mineralization. However
the observed growth and maintenance of the biomass and the disappearance
of the amine in the shaking culture condition indirectly indicate that dyes are
completely mineralized or that the end products are not inhibitory or toxic in
nature as described by the germination of seeds. This shows the non-
specificity of the bacteria for dye and when adapted can work efficiently to
degrade dyes with different structures in mixed culture as well. Therefore,
mixed cultures can be used in textile industry to treat dye containing
wastewaters because under anaerobic condition it reduces a wide range of
azo dyes and aerobically oxidizes many different amines and possibly the
sulfonated products released during the anaerobic cleavage of sulfonated azo
dyes as discussed before. In summary, to our knowledge strain P. aeruginosa
CR-25 is one among the best bacterial strain shown to possess such a broad
azo dye degradation range under sequential static and shaking culture
conditions.
In general, however, it is evident from most of the published papers
that the most of the studied compounds are susceptible to aerobic
biodegradation in most environments. Within this set of compounds, only the
highly chlorinated aliphatic compounds and the high molecular weight PAH
derivatives currently appear to be resistant to degradation in an oxygenated
environment176. Concerted efforts are still required to establish biological
decolorization systems. The techniques by which decolorization and
degradation occurs, vary and among them adsorption seems of great
significance for future development in bio-removal or bio-recovery of dye
substances.
FUTURE DIRECTIONS
Some of the routes still to be explored for efficient bioremediation of
sites contaminated with various organopollutants. The use of thermotolerant
or thermophilic microorganisms in decolorization systems. This would be of
advantage as many textile dyes and other dye effluents are produced at
relatively high temperatures (50-60oC), even after a cooling or heat-exchange
step. The availability of thermotolerant organisms may consequently reduce
cost significantly, through removing the need for further removal of low-grade
heat and allowing more immediate treatment.
The future plan of work will be focused on the pilot scale treatment of
dyes-containing effluent, based on the laboratory scale investigation, using
free and immobilized cells of P.aeruginosa CR-25. Understanding of the
enzymology of dye degradation will further enhance the efficiencies of these
processes towards its successful application. Application of modern molecular
biology techniques for cloning and overexpression of genes is expected to
enter the field of dye degradation by biological means, with significant impact
on it. Thus, the role of molecular biology has yet to feature prominently in this
vital area of environmental protection.
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